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PANORAMA OF THE GREAT ZIKKURAT, SHOWING 
TO THE LEFT THE BARRACKS, TEMPLE OF ASSUR, HITTITE PERIPTEROS AND STOA, AND TO THE 
RIGHT THE KASTERN PLATEAU. 


DOLORITE STELE AND CLAY POMMEL OR ZIKKURAT FROM THE NORTH. 
SCULPTURED HIT- KNOB OF SAL- 
TITE GUD. MANASSAR II. 


BASALT CORNERSTONE OF SALMANASSAR II. PAVEMENT TILE FROM THE COURTYARD THE TEMPLE RAVINE. 
IN SITU. OF THE TEMPLE AT ASSUR (SARGON II.) 


NORTH FRONT OF THE MOUND OF ASSUR. a THE NEW YEAR'S FESTIVAL HOUSE SEEN FROM THE EAST. 


RECENT EXCAVATIONS IN ASSUR AND BABYLON.—[SEE PaGk 828.] 
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LIGHTNING ARBRRES TER S 


SOME RECENT DEVELOPMENTS. - 


BY DAVID B. RUSHMORE, M. AM. INST. E. E. 


Tue necessity for lightning protection arises from 
the consideration of the loss which might ensue from 
damage by lightning to buildings and other structures. 
Aside from the danger to ordinary buildings and struc- 
tures, there exists in the case of certain electrical 
structures, such as pole lines and electric generating 
and transformer stations, a peculiar susceptibility to 
damage by lightning inherent in the physical form 
of the structure. The damage that might result from 
lightning can be ultimately referred to interruption 
of service and to damage of apparatus of value. In 
consideration of these facts, lightning protection is 
essential up to the point where it ceases to effect a 
saving. Beyond this point, for example where the 
cost of lightning protection is greater than any proba- 
ble loss, the protection ceases to be economical. 

There are, however, certain cases where for special 
reasons absolute protection is requisite at any cost, 
as for example, in a powder mill or gas-producing sta- 
tion. Ordinarily, a lightning discharge, which is an 
equalization of potential between the earth and éither 
clouds or saturated atmosphere above the earth, will 
take place through the path of least resistance, but 
as pointed out by Rowland, there is a certain factor, 
somewhat resembling inertia, which causes the light- 
ning once started to follow sometimes an irregular 
path, similarly, for instance, as when a piece of paper 
is suddenly torn. Transmission lines and buildings 
of ordinary height surrounded by trees are not pecul- 
iarly subject to damage from lightning because they 
cover a comparatively small portion of earth and are 
surrounded by objects of greater height, which offer 
a better path for the lightning discharge to the earth. 
They do, however, receive some discharge, and the 
damage which might be done can be very great. It 
is therefore necessary to provide ample protection. 

Generally speaking, the severe manifestations of 
lightning are confined to a relatively small area, 
which rarely exceeds in extent an area of one mile 
square. It may be concluded from this that protec- 
tion apparatus situated at certain points along the 
line will afford no protection to remote points. 

The fundamental consideration in the protection 
of structures from lightning is that the lightning, like 
any other electrical discharge, will follow the path of 
least resistance. It is necessary, therefore, to supply 
a path of low resistance for the lightning discharge 
to follow to earth. In the case of a building with 
steel in its structure, a path is offered the lightning 
discharge through the steel frame to the earth, and 
as the earth resistance of the steel framework will 
necessarily be extremely low, any applied lightning 
conductor will meet a considerable rival in the steel 
framework. This holds, in a great measure, for gas 
and water piping as well. It therefore becomes neces- 
sary in the design of lightning conductors that the 
earth resistance be not only made as low as possible, 
but that the conductors be placed as far away from the 
rival path as is practicable; also, the resistance of the 
conductor must be as low as it is possible to make it 
under the existing circumstances. 

Lightning may be divided into external and inter- 
nal, the former being caused by atmospheric condi- 
tions and the latter by generated power in the line. 

The effects of external lightning result from vari- 
ous causes, viz., direct strokes, electro-magnetic sec- 
ondary strokes, and electro-static secondary strokes. 

In a direct stroke, the point of discharge is sud- 
denly raised to an enormously high potential so that 
the charge will probably find some path to ground 
through any insulation which might be applied. A 
wave will travel along the wirein both directions from 
the point of highest potential. This wave will be 
lower as it recedes and will be finally lost. 

The more concentrated and higher the peak, the 
greater will be the frequency and consequently the 
shorter line distance it can travel before becoming 
insignificant. It follows, therefore, that a direct 
stroke will are to ground near the.point of stroke, 
and that protection at remoter points will not affect 
the point in question. . 

Electro-magnetic secondary strokes are caused b 
discharges near the lime which cause, by induction, a 
condition in the line analogous to that of direct 
stroke. This condition becomes severe only when 
the discharge is parallel to the line or nearly so. 

An electro-static charge in a cloud above the earth 
ia accompanied by a corresponding opposite charge on 


the earth. The line gradually assumes the potential. 


* From a paper presented at meeting of Central Electric Railway Asso- 
ciation, 


of the latter through static leakage. If, now, a dis- 
charge takes place, the ground charge is, at once neu- 
tralized, but the line is left at a high potential and 
is in a measure in the same condition as in the case 
of a direct stroke. The peak of the resulting poten- 
tial, however, is not so high, and the frequency there- 
fore lower. The wave train will therefore travel far- 
ther and may eventually enter the station. At the 
station the wave may pass to ground through the 
lightning conductors or may be reflected by the in- 
ductance of the apparatus, in which case it may pile 
up to as much as twice its original height, when 
something arcs over, generally the transformer bush- 
ing. 

As already explained, an air accumulated charge 
above the earth will be accompanied by a correspond- 
ing charge directly below it upon the earth, and this 
latter charge will be communicated’ to the line by 
leakage. 

When the inducing charges move away, the line 
charge must leak or the potential difference between 
the line and the earth may become sufficient to punc- 
ture the insulators. The leakage path must be sup- 
plied for a line not connected to ground by grounded 
neutral. A static charge in a line is easily handled 
by means of proper protecting apparatus. 

Among the causes of internal lightning are inter- 
rupted arc, arcing ground, poor synchronizing, con- 
necting in of dead transformers and lines, sudden 
changes of load, etc. 

A certain fundamental frequency of vibration de- 
pendent upon the inductance and capacity is inherent 
in every line, but it might also vibrate at any har- 
monic of the fundamental, or combination of har- 
monics. The low frequency oscillations usually con- 
tain the most power and are therefore the most dan- 
gerous and difficult to handle. High frequency oscilla- 
tions are dangerous locally, but do not travel far. 

Generally speaking, the broad requirements for light- 
ning protection consist in supplying paths to ground 


for any charge which might accumulate on lines or- 


machinery from any cause whatever. The ideal ar- 
rester will cause excessive potential differences to be 
relieved instantaneously and stop the flow of current, 
as soon as the potential has fallen to safe limits for 
the line. No one type of lightning arrester fulfills 
all requirements, and accordingly it is found expedi- 
ent to use different types of combinations in different 
situations and under different conditions- 

To protect the buildings, such as powder mills, etc., 
where absolute protection is imperative, a number of 
gas pipes of about 11% inches to 2 inches outside di- 
ameter are driven 6 to 8 feet into the ground, and 
about 6 feet distant from each o*her, so surrounding 
the building with a fence of ground connections. From 
each of the gas pipes rises a lightning conductor. 
Such conductors should have at least 5 inches or 6 
inches periphery: that is, a ribbon or flat strip 2% 
inches to 3 inches wide is used. The material and 
thickness are of little consequence and iron can be 
used, except where prohibited owing to danger of cor- 
rosion. 

These lightning conductors rise from the gas pipes, 
upward, sloping first toward the building under an 
angle against the vertical of 20 deg. to 30 deg. and 
then running straight up at about 6 inches to 8 
inches (or even 12 inches) from the bvilding. At the 
edge of the roof, the lightning conductors curve with- 
out sharp bends or kinks, but with a long radius 
curve, and run across the roof, under an inclination 
against the horizontal of preferably not less than 30 
deg. and gather in the lightning rod which projects 
vertically, about 6 to 8 feet. From the lightning rod, 
the conductors radiate somewhat like the wires of a 
parrot cage. When the building is large, more than 
one rod may be used and the bases are connected by 
a horizontal lightning conductor. Sharp bends and 
kinks should everywhere be avoided. All the light- 
ning conductors are joined together by a horizontal 
conductor just above or below the ground. 

The plane of the flat ribbon should be parallel to 
the surface of the building along which it passes. 
Where the surface of the building is sheathed with 
iron or other conductor, metal supports fastened there- 
to should be used for supporting the lightning con- 
ductors, but where the walls are of non-conducting ma- 
terial, the lightning conducters should be supported 
by non-conducting brackets. 

The greatest possible care should be taken to have 
no insulated metal work in the building, such being 
extremely dangerous in producing, by induction, 


sparks or brush discharges. All metal contained jp 
the building should be connected at its highest ang 
lowest points by lightning conductors of at least half 
the size of those covering the building, to the next 
adjacent lightning conductor, and the connection from 
the top of the metal should slope upward, while that 
from the bottom of the metal should slope downward 
toward the lightning conductor. 

Plain gas pipes without salt are recommended for 
ground connections. Salt greatly reduces the ground 
resistance, but this already is amply low with iiany 
pipes in parallel, and salt exerts an injurious effect 
upon trees and plants. Many pipes in paralle! are 
necessary to give low impedance to prevent the for. 
mation of an electro-static field. 

For the protection of electric circuits, grounded 
guard wires are best, and when the cost over the 
whole system would prove prohibitive, they shouid be 
confined to such localities as are peculiarly liable to 
suffer destructive discharges. Three ground wires are 
required for the best practicable protection. One of 
these should be placed on top and in the middie of 
the line, and should be a heavy galvanized steel « able, 
and the other two, which should be heavy telegraph 
wires, are placed outside and above the top side con- 
ductors. The ground wires should be earthed at « very 
pole for the first ten or twelve poles from the luild 
ing and at every second pole on the rest of the line. 

Graded resistance or aluminium type lightnin: ar- 
resters should. be installed on every feeder issuing 
from the station, and on primary and secondary of 
every transformer, and a surge protector in the sta 
tion, but choke coils, having a large number of turns, 
should not be used in the station, as they representa 
possible source of danger. 

Lightning may consist of a single discharge of «reat 
violence and very small duration or it may consist of 
a great number of distinct discharges following each 
other rapidly and each lasting only a very short time. 
Thus the same path may serve for a great number of 
short discharges closely following each other. 

The total time of passage and number of discharges 
have been determined by Mr. Alex. Larson from pho 
tographic records made with revolving camera. In 
an extreme case 48 flashes were recorded in a total 
interval of 0.624 second. 

Where from internal causes, e. g., flashing over 3 
bushing or insulator, the arcing ground sends a series 
of oscillations through the circuit, it is necessary to 
provide an arrester which will continue to discharge 
the abnormal voltage for a sufficient period to permit 
the operator to locate and isolate the trouble. Half 
an hour is generally found to suffice for the period of 
an arrester as this will give time to discover the point 
of trouble, where this is remote from the station. 

Horn arresters placed along the line at various places 
will do much to protect insulators from puncturing of 
arcing across. These horn arresters should be ad 
justed to arc at something below the wet arv-over 
voltage of the insulators and should be connected to 
earth direct. Only one phase per pole should be pre 
tected by a horn arrester so that in the event of two 
horns arcing simultaneously, the earth resistance cal 
be utilized to limit the discharge. Ground wires 
should not be grounded at poles carrying horn arrest 
ers. Lightning rods above wooden poles are aval 
tageous. - 

Graded resistance multigap or aluminium arrester 
should be used on outgoing and incoming lines. hoke 
coils should be in the circuit just back of arrester, 
which, in turn, are placed quite near the passages and 
are provided with disconnecting switches. 

Single-phase locomotives have a specially designed 
graded resistance multigap type of arrester which 
meets the requirements of space limitation. 

For voltages exceeding 60,000 the aluminium or elec 
trolytic types of arrester should be recommended & 
clusively, and even for moderate and low voltage 
they are so far superior to other types, that theif 
ultimate selection reverts to a question only of it 
itial cost. 

Aluminium cell arresters are designed especially 
take care of recurrent or continuous discharges, which 
are, as a rule, of comparatively low frequency and 
therefore travel over the entire system, so that eve? 
if the system is supplied with multigap arresters, 
is advisable to install one or more aluminium o#l 
arresters having low adjustment. This arrangemett 
will prevent the other types of arresters from dit 
charging continuously until they are injured. 

The general theory of the multigap arrester is # 
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follows: When the voltage is applied across a series 
of multigap cylinders, the voltage distribution is not 
uniform. The voltage distributes according to the 
capacity of the cylinders, both between themselves and 
glso to ground, and the capacity of the cylinders to 
ground results in the concentration of voltage across 
the gaps nearest the line. When the voltage across 
the end gaps reaches a certain value, they are across, 
passing the strain back to the other gaps, which in 
turn are over until the spark has passed entirely 


across. The arrester in this manner arcs over at a 
ned in yoltage much lower than would be required if the 
st and yoltage distributed evenly. When the arrester has 
st half arced over and current is flowing, the voltage then 
e next does distribute evenly between the gaps and is for 
n from this reason too low to maintain an alternating cur- 
le that rent are. The are therefore lasts only to the end 
nward of the half cycle and then goes out. The maximum 

yoltage per gap at which the are will extinguish at 
led for the end of the half cycle depends to a great extent 
ground upon the metal of the cylinders. Thus, some metals 
. Inany are more efficient than others in extinguishing the 
effect are. 
lel are When the voltage of an alternating current arc 
he for- passes through zero of course no current flows. Be- 

fore the current flows in the reverse direction, the 
ounded yoltage must again break through the dielectric; the 
rey the voltage required to do this depends upon how much 
puid be the dielectric has been weakened by the passage of 
able to the ure. The cooler the arc, the less is the dielectric 
res are wealened and the higher will be the voltage required 
One of @ to reverse the arc. As the temperature of the arc de- 
ddie of @ pends upon the boiling point of the cathode metal, in 
1 cable, very much the same way as the temperature of steam 
legraph @ depends upon the boiling point of the water, metals 
de con- with low boiling point are used for the lightning ar- 
it every @ rester cylinders in order to keep down the arc tem- 
@ perature. 
. line. Tie use of resistance in a lightning arrester needs 
‘ins ar @ ver) careful consideration. Lightning does not read- 
issuing @ ily »ass through resistance, especially when in series 
dary of @ with multigaps, and, therefore, series resistance 
the sta @ should not be used. At the same time it is very de- 
f turns, @ sirable in some way to limit the line current. This 
-esenta ™ problem has at last been solved by use of low shunt 
resistance, shunting a part of the gaps, and so pro- 
of «reat # portioned as to divert the arc from the guns after the 
nsist of § discharge has crossed to ground. Shunt resistance has 
ng each @ been used before, but never for this purpose, but was 
rt time @ never made low enough to divert the are in this way. 
mber of It is obvious, of course, that a discharge taking 
place through a high resistance will not relieve the 
charges @ line except in the case of the static. What happens, 
om pho § however, is something like this: When a surge of 
xra. In @ danzerous voltage rises, and before it reaches a danger 
a total @ point, the series gaps are over. The series gaps then 
being practically short-circuited by the arc, the voltage 
over aff concentrates across the lowest division of the shunted 
a series § gaps, and these at once also break down. The current 
ssary to is then limited by the medium resistance, and the 
ischarge @ Voltage is concentrated across the second division of 
» permit § the arrester. If these gaps break down, the discharge 
e, Half@is limited only by the low resistance, which should 
eriod of # take care of most cases. If necessary, however, the 
he point B voltage can “break back” in this way and cut out 
on. all resistance. The number of gaps to rectify depends 
ws places @ largely upon the current that can flow. In this ar- 
uring or#fester the number of gaps discharging increases as 
be ad@the limiting resistance decreases. The arrester will 
arc-over# therefore operate and extinguish the are at the end 
ected te@of a half cycle, no matter which path the current 
| be pro @ takes. 
t of two The aluminium cell lightning arrester consists es- 
ance cat @# sentially of a series of concentric inverted cones placed 
1d wires# one above the other with a vertical spacing of about 
n arrest #03 inch. The cones are insulated from each other 
p adval except for the electrolyte, which partially fills them. 

Each cell then consists of two aluminium cones and 

arresters@the intervening electrolyte. A sufficient number of 
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tells placed in series form a complete arrester, the 
tlecirical characteristics of which are the same as of 
a single cell. The cones, complete with the electro- 
lyte, are immersed in a tank of oil, which affords 
the necessary insulation and great heat-absorbing ca- 
Dacity. 

The efficiency of the cones as a lightning arrester 
depends upon a thin film which is formed upon the 
tirface of the aluminium by a special process of 
Manufacture. This film may be compared with 
the safety valve of a steam boiler, which opens at 
4 definite pressure and allows the steam to escape. 
Each cell, two adjacent cones with intervening electro- 
lyte, is designed to operate normally at 300 volts. 
If the potential rises to any value greater than 300 
Yolts and less than 420 volts, the film allows the dis- 
tharze to take place, but a thicker film is immediately 
formed, and the current is again decreased to a small 
Y’alue. When the line potential becomes normal its 
&tra thickness of film gradually dissolves, leaving 
the film in its normal condition. At 420 volts (about 
per cent above normal voltage) the film opens and 
illows a free and heavy discharge to take place. This 
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voltage represents the maximum critical film value 
per cell. The plate area of the cells is sufficient to 
allow a discharge of more than 1,000 amperes at 
double normal potential, or 600 volts per cell. This 
represents a quantity of electricity many times greater 
than that usually liberated by an ordinary induced 
lightning stroke. Consequently, it is not possible to 
get an excessive potential across the terminals by such 
discharges. 

The aluminium cell arrester is designed to be con- 
nected to the line through the adjustable horn-gaps. 
These gaps may be set so that the voltage will break 
across at any desired rise above the normal operat- 
ing voltage. When the conditidns warrant, the gaps 
can be set so as to allow the arrester to discharge 
when the line voltage rises only about 25 per cent. 
The horn-gaps perform three important functions; 
first, they act as spark-gaps, as explained; second, 
they may be used as disconnecting switches; and 
third, for subjecting the arrester to normal. voltage. 
It is recommended that current be sent through the 
arrester every day or two, so as to assure proper for- 
mation of the film on the aluminium cones. The horn- 
gaps are so constructed’ that they can be easily short- 
circuited momentarily for accomplishing their pur- 
poses. 


DIRECT REACTION OF THE HUMAN 

EAR TO ALTERNATING CURRENTS. 

J. Rieper, in Prometheus, reports on some observa- 
tions which he has made, and which seem to show 
that under suitable conditions the tympanum of the 
ear is sensitive to electric alternations, so that we 
have, as it were, a special sense for certain electric 
conditions, and can become directly cognizant of the 
same. We quote in outline the author’s own words: 

In the telephone we observe indirectly the alter- 
nations of an electric current, by first converting them 
into vibrations of a membrane or disk, which latter 
then transmits the sound to the ear in the usual 
way. In the course of some experiments I have ob- 
served that the human ear can also react directly 
to alternating electric currents. The extremely sim- 
ple apparatus required is shown in the accompanying 
diagram. F is a small test tube, with a metal coating 
B extending about one-fourth of the length of the tube. 


From this coating a metal rod LZ passes outward 
through the cork K., which is fastened down with 
sealing wax. In fact, the tube forms a small Leyden 
jar without any outer coating. 

If now the rod L is connected with one pole of a 
small induction coil, and the tube is held with its 
silvered end near the ear (taking care not to touch 
the connecting wire), a loud noise is heard on touch- 
ing the second pole of the induction coil with the 
free hand. The same effect is produced without touch- 
ing the second pole, if the latter is earthed. This 
occurs even if the observer is insulated from the 
ground by a pair of rubber shoes, although the sound 
is then diminished in intensity. 

The cause of this phenomenon seems to be rather 
simple to explain. The human body, and with it the 
ear-drum, is charged by the successive current pulses, 
while the coating of the tube-receives a charge of 
opposite sign. Thus the ear-drum is set vibrating, 
and we have the sensation of sound. 

The sensibility of the ear was not very great, using 
this simple apparatus. The currents in a telephone 
could not be thus detected. But it must be remem- 
bered that the distance of the metal coating from 
the tympanum was very considerable, and perhaps 
better results could be obtained by means of a spe- 
cially constructed small tube inserted into the ear. 
It seems possible that in this way sounds. might be 
made audible to deaf people. 

These experiments leave a certain after-effect upon 
the observer, a sense of pressure in the ear, showing 
that the ear is affected in a manner quite different 
from that involved in listening to an ordinary tele- 
phone. This seems to be a warning that a certain 
amount of caution will have to be exercised in con- 
ducting such experiments. 

The sound can also be observed with an ordinary 
telephone, if the two wires are connected to one term- 
inal of an induction coil, the other terminal of which 
is touched by the observer. This seems to indicate 
that disturbing noises which often occur in the tele- 
phone may not always be due to vibrations of the 
disk; they may be due directly to high-potential at- 
mospheric electricity, without the intervention of the 
electromagnet. In some experiments made with a 


frictional machine, a sharp sound was heard at the 
passage of each spark. 


It seems quite out of the ques- 


tion that the disk of the telephone was in this case 
acted upon by the electromagnet. 

These observations may perhaps have a practical ap- 
plication. If the author's view is correct, that charges 
upon the telephone line, due to atmospheric condi- 
tions, may act on the ear, not through the medium of 
the telephone disk, but directly, then it will probably 
be possible, by suitable construction, to eliminate the 
disturbing “accidental” noises, which often render con. 
versation over the telephone unintelligible at the ap- 
proach of a thunder storm. 


THE EFFECTS OF WIRELESS 
TELEGRAPHY ON OPERATORS. 

It has been remarked that each step taken in the 
onward march of any applied science seems to bring 
into notice some fresh special pathological condition. 
Various previously unknown diseases dogged the steps 
of the earlier engitieers, electricians, chemists, and 
balloonists. The dangers lurking in the Crookes tube 
—beneficent though it be when used under proper 
control—have been of late made tragically prominent. 
Among the numerous persons who are now learning 
to fly possibly some new pathological curiosity will 
before long come to be recognized. According to M. 
P. Bellile, a French naval surgeon on board the “Des- 
cartes,” which has been engaged in the campaign in 
Morocco, the members of the ship’s company who 
were employed in wireless telegraph duty developed 
various affections in consequence of the action of the 
Hertzian waves. Most commonly the telegraphists 
complained of their eyes, a slight conjunctivitis simi- 
lar to that occurring among those who work with are 
lamps being found. Although this of itself was not 
generally at all serious, yet in one case where the at- 
tacks recurred again and again, ceratitis was produced 
which resulted in a leucoma of the right cornea and 
consequent impairment of vision. In order to protect 
the eyes from damage by the ultra-violet rays of the 
electric emanation, which have a very powerful action, 
it was recommended that yellow or orange glasses 
should be worn. Not only were the eyes of the oper- 
ators affected, but two cases of eczema—one of the 
wrist and one of the eyelid, both very difficult to cure— 
were seen, probably due to the same cause. Lastly, 
one of the officials who had been employed for several 
years in wireless telegraphy suffered from painful 
palpitation of the heart which came on after working 
for any length of time at the instruments for send- 
ing messages. This man was quite free from any 
organic lesion of the heart. M. Bellile is disposed to 
think that a good many of the cases of “nervousness” 
and neurasthenia which seem now to be getting rather 
common among naval men may be due to the. work 
which is being done in wireless telegraphy.—Lancet. 


THE SCIENCE OF MANAGING BOILERS © 
AND FURNACES. 

EXPERIMENTS have shown a difference of 29 per cent 
in the quantity of fuel used by different stokers in 
generating equal quantities of steam with the same 
furnace, boiler, coal, and water, and in the same con- 
ditions. As combustion is a chemical process the 
cause of inefficiency in stoking, and its remedy, must 
be sought by chemical investigation. The principal 
product of combustion is carbon dioxide (CO.), which 
is produced in perfect combustion. The production of 
this gas should be gaged continuously by one of the 
new automatic carbon dioxide meters. If the com- 
bustion is imperfect, carbon monoxide (CO) is prc- 
duced also. The relative proportions of the two 
gases should be frequently determined by chemical 
analysis. 

This is an important point, for one pound of coal 
produces 14,600 British thermal units when oxidized to 
carbon dioxide, but only 4,450 units when oxidized to 
carbon monoxide. The temperature of the products 
of combustion is also of importance, even when a heat 
economizer or regenerator is employed. It is always 
advantageous to utilize directly in the boiler as much 
heat as possible and to regulate the admission of air 
so as to reduce the temperature in the chimney to the 
lowest point compatible with good draft, for insufficient 
admission of air leads to the formation of carbon 
monoxide. 

The importance of controlling the temperature and 
the proportion of carbon dioxide in the chimney gas 
is shown eloquently by the following results of experi- 
ment: 


Per Cent of Temperature Per Cent of 
Carbon Dioxide, Deg. F. Fuel Wasted. 
5 500 35. 

5 400 

7 500 

7 400 

10 500 

10 400 

12 500 

12 400 

14 509 

14 400 
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AMERICAN STEAM TURBINE, 


“BAILEY JACK.” 


THE FIRST 


A DESCRIPTION OF THE 


EXAMINATION of the records of the United States 
Patent Office shows that early in the history of the 
country some of the possibilities of the use of steam 
as a motive power were recognized to a great extent, 
and men from many walks in life were engaged in 
designing machines intended to transmit the power 
of steam into motion that could be made to do useful 
work. 

The first steam patent in this country bore the date 
of August 26th, 1791, and was issued to James Rum- 
say, “for improvement of Savary’s steam engine.” 
On the same date a patent was issued to John Fitch, 
“for propelling boats by steam”; one to Nathan Reed, 
“for an improved steam boiler’; three to John Ste- 
vens—later inventor of the screw propeller—two of 
which were for improvements in boilers and engines 
and one for “apparatus of steam to work bellows.” 
On the same day, E. Cruse received a patent for an 
improvement to a steam boiler. 

John Bailey’s name is 39 on the list of United 
States patents, and ninth in the list of patents for 
apparatus involving the use of steam. . 

Seven of these patents issued to the persons here 
named dealt with the great problem of steam navi- 
gation; one only with the application of steam to 
a minor mechanical device, namely, John Stevens's 
steam bellows. 

This shows that John Bailey’s “jack” was the sec- 
end article operated by steam, aside from a steam 
engine, for which a patent was issued in this country. 

The patent and the original cast-iron machine for 
which it was issued are owned by Mr. Bailey’s grand- 
daughter, Miss Catherine Bailey, of Chancery Court, 
Lynn, Mass. Miss Bailey shows the original patent 
with great pride. It is on sheepskin parchment, The 
writing, in a clear hand, is still legible. The signa- 
ture of Washington is faded. 

A rectangular piece has been cut out of the upper 
left-hand corner of the parchment. 

“An autograph collector did that,” said Miss Bailey. 
“The autograph of Thomas Jefferson was on the back, 
and he cut that piece out to get it. There were two 


Fra. 1.—FAC-SIMILE OF PATENT FOR THE 
‘BAILEY JACK.” 
autographs of Jefferson on the document. The other 
remains.” 
The patent (Fig. 1) reads as follows: 


THE UNITED STATES 


WHEREAS John Bailey, of Boston, in the State of 
Massachusetts, hath presented a petition to the Secre- 
tary of State, the Secretary for the Department of 
War, and the Attorney General of the United States, 


* Power and the Engineer. 


BY F. E. DRAKE. 


alledging and suggesting that he hath invented the 
following useful machine, not before known or used, 
that is to say, a Steam Jack, consisting of a boiler, 
three wheels and two wallowers; the steam which 
issues from boiling water in the-said boiler gives 


Fra. 2.—THE ‘‘ BAILEY JACK.” 


motion to one of those wheels, by striking on buckets 
in its circumference; on the outer end of the axle of 
this wheel is a wallower, the rounds of which fall 
into the teeth of a second wheel; on the axle of this 
second wheel is another wallower, the rounds of 
which fall into teeth of a third wheel; on the axle of 
which third wheel is a spit; and praying that a pat- 
ent may be granted therefor; AND WHEREAS the 
said invention hath been deemed sufficiently useful 
and important: These are therefore in pursuance of 
the act, entitled “An act to promote the progress of 
useful arts,” to grant to the said John Bailey, his 


Fie. 3.—PLAN AND ELEVATION OF THE 
“BAILEY JACK.” 


heirs, administrators or assigns, for the term of 14 
years, the sole and exclusive right and liberty of con- 
structing, using, and vending to others to be used, 
the said invention, so far as the said John Bailey was 
the inventor, according to the allegations and sugges- 
tions of the said petition. 

In testimony whereof I have caused these letters to 
be made patent, and the seal of the United States to 
be hereunto affixed. Given under my hand at the city 
of Philadelphia this twenty-third day of February, in 


May 22, 1909, 


the year of our Lord one thousand seven hundred and 
ninety-two; and of the Independence of the United 
States of America the sixteenth. 

Geo. WASHINGTON, 


By the President. Tromas JeFrrerRson. 


City of Philadelphia, February 23d, 1792—I do here 
by certify that the foregoing letters Patent were deliy- 
ered to me in pursuance of an act, entitled “An act to 
promote the progress of useful arts,” that I have ex. 
amined the same, and find them conformable to the 
said act. Epmunp RANDOLPH, 

Attorney General of the United States, 


THE “BAILEY JACK.” 

In 1792, Mr. Bailey took out a patent on the “Bailey 
turbine,” or as he called it, the “Bailey jack.” The 
“Bailey jack” is a boiler and turbine combined and 
was invented for roasting fowls in the large open fire- 
places they had in his time. The apparatus stands 
about 14 inches high and is of solid construction, 
weighing in all about twenty-five pounds. The boiler, 
the casing for the gears, and the plate above the bucket 
wheel are made of cast iron and are supported by 
three cast-iron legs which form part of the gear cas 
ing. The boiler is riveted to this casing. 

The bucket wheel is about 7% inches in diameter 
and 4% inch thick, made of wrought-iron plate. The 
buckets are ratchet teeth cut into the wheel, as shown 
in Figs. 2 and 3. 

Through the center of the bucket wheel is a steel 
shaft about % inch in diameter. The shaft has nee- 
dle-point bearings, both top and bottom, very much 
like the pivot wheel of a watch. On the lower part 
of the shaft and inclosed in the casing is a system 
of worm gearing, or, as designated in the patent, 
“wheels and wallowers.” These gears operate the 
arm or spit upon which birds were strung to be 
roasted. This arm made a revolution every two min- 
utes. The bearings of the shaft are so fine and the 
entire mechanism is so accurately made and nicely 
balanced that even to-day (116 years from the date of 
the making) the turbine will revolve for several min- 
utes when set in motion by a slight tap of the finger. 

On the top of the boiler is a round ball which an- 
swers the double purpose of a safety valve and stop- 
per for the hole through which the boiler is filled. 

In Fig. 3 are shown the boiler A, the steam space 
B, the safety valve C, the nozzle D, the bucket wheel 
E, the shaft F, the gear casing G, and the spit H. 
Fig. 4 shows in detail the buckets and nozzle. 


Buckets 


Fie. 4.—THE BUCKET WHEEL AND NOZZLE. 


The turbine and letter of patent, Miss Bailey s:ys. 
are to go to the Massachusetts Historical Society when 
she is through with them. 

It is much to be regretted that the present owner 
of the jack would upon no consideration allow the 
opening up of the interior gears of the machine to 
show the “wheels and wallowers,” as an examination 
would have revealed the manner of speed reduction 
and possibly a method of constructing worm gearing 
long before the days of the milling machine, 


Magic Napkins (Serviettes Magiques).—Under ‘his 
designation, fabrics are sold, by means of which metal 
objects can be rapidly polished. These fabrics consist 
of a woolen stuff, saturated with soap and tripoli and 
colored with a little coralline. They are made by 
dissolving 4 parts of Marseilles soap in 20 parts of 
water, adding 2 parts of tripoli to the solution, which 
is used to saturate a strip of cloth about 27 inches 
long and 4 inches wide, which is then allowed to dry. 
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AND SAVER S. 


LITTLE THINGS FOR THE SHOP. 


PossisLy the following information relative to small 
repair work on automobiles, other vehicles, or machin- 
ery may be of interest to some of our readers. Many 
of the points, of course, are already known, but it is 
expected that some, at least, will be new. 

A washer of a specific thickness is often wanted, 
for instance, to take up a small amount of backlash 
or end-play in a shaft. In a case of this kind, use a 
washer thicker than required, and carefully file it 


down. To do this sounds easy; but, handled in the 
ordinary way, is difficult to deal with. If one tries 
to grip it in the vise by the edge, it either springs out 
or rocks about in an annoying manner, and, in any 
case, it is impossible to file a washer thin and flat in 
this manner. 

The operation is made easy if the washer is first 
passed between the jaws of the vise into the surface 
of a piece of soft wood endwise of the grain, as shown 
at Fig. 1, A being the washer and B the wood. In 
filing, the wood and metal are cut away together, and 
if one can handle the file at all well the washer can 
be removed from its bed as true and as thin as may be 
desired. For enlarging the center hole, if necessary, 
as large a round file as can be got through should be 
used, and with a little care a hole can be made that 
will be as true as if drilled. For making very thin 
washers use sheet phosphor-bronze, which can be ob- 
tained from 1/64 inch down to the thinness of tissue 
paper. Using a pair of spring dividers, one can strike 
out any size washer in a minute or two. 

A useful material to have about the repair shop is 
a few feet of the thin soft iron strip, from % inch to 
11, inches wide, which is used on the edge of packing 
cases. It can be fashioned into excellent clips by the 
aid of the pliers and a round metal bar of suitable 


Fia. 2 


size on which to bend it. Among the box of spare nuts 
and bolts there should always be a dozen or so 3/16 
round-headed bolts of various lengths, with square 
nuts, and then one need never be at a loss for a clip. 
A usual repair-shop operation is making a sharp 
bend in a copper pipe. If a new carbureter is being 
fitted to a gasoline engine the novice usually makes 
the bend all right, but stops the pipe up at the same 
time. To make a really good bend requires care and 
experience; for anything over 5/16 inch diameter 
the pipe would have to be temporarily filled with lead, 
Good bends can be made by heating the pipe at the 
desired place, at A, Fig. 2, in a Bunsen flame till red 
hot, and cooling in water, and then bending a little at 
a time round a bar held in the vise, as shown. The 
amount of constriction at the bend fs very slight, es- 
pecially after touching up with a ball-pein hammer. 
A small taper pin is often required for some part of 
the engine. The usual way to make it is to file it up 
from a piece of steel rod in the vise. Unless skillfully 
done, a lop-sided, ill-fitting pin is the result. A better 


Pian is to grip the hand drill, which every complete 
tool outfit should contain, firmly in the vise, fix a 
piece of steel rod of suitable diameter in the chuck, 
arrange a notched piece of wood, at B, Fig. 3, under 
the steel rod, and file it down with the right hand 
while one turns the drill-handle with the left. By 
this means as well-fitting a pin can be made as if 
turned upon a $300 lathe. 

Some blacksmiths have experienced difficulty with 
a tight-fitting bolt 6r screw, and it is rare that one is 
provided with suitable stocks and dies to ease the 


threads. But by patient use of a “V” or knife-edge file 
worked slowly along the thread, turning the latter 
round meanwhile, it can always be eased down to a 
working fit, as shown at Fig. 4, in the case of an 
automobile sparking plug. The right kind of file, how- 
ever, must be used—a half-round file will spoil the 
thread. This method is also useful for touching up a 
burred thread, so often the result of gripping a bolt 
or threaded part in the vise without any protection 
over the jaws, the fine steel teeth of which, being dead 
hard, will crush anything softer. 

Clamps over the vise-jaws should invariably be used 
when any finished work has to be gripped. A pair can 
be made in a few minutes from a piece of soft sheet 
copper, although for some work sheet-lead clamps give 
a better grip. A good hold of a circular bar cannot be 
obtained by simply gripping direct between the jaws, 
as the pressure is practically only along a line, and, 
moreover, it is risky with a tube, as this is likely to 
be crushed. A pair of wood grips can easily be cut 
from two oblong pieces of hardwood, two semi-circular 


4. 


channels being made large enough to grip the largest 
circular piece likely to be used. Smaller diameter 
work can always be lapped round with paper to make 
it fit. Handled in this way, a bar or tube need not 
have a scratch left on its surface after leaving the 
vise. 

In drilling holes, there are a few points to observe. 
Fluted drills are the best, as twist drills are liable to 
grip in the work and often break, especially in drilling 
through a piece of thin metal. A drill should be really 
sharp; blunt drills cause extraordinary exertion for 
little result, whereas a sharp one requires only a mod- 
erate pressure to work. Brass, gun metal, and cast 
iron are best drilled dry, and wrought iron and steel 
with a little thin oil on the drill point. Some kinds of 
cast iron are exceedingly hard on the surface, and the 
drill at first will hardly make any impression. Mak- 
ing a deep center-punch merk will generally facilitate 
matters. When a large hole, say, from *% inch to 4 
inch diameter, has to be made, it is better to drill a 
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small hole first, really a pilot hole, to guide the larger 
drill; otherwise there is great risk of the large drill 
running all to one side of the spot desired. Hard 
steel, of course, cannot be touched with an ordinary 
drill; the metal must first be softened by leaving in 
the fire till just an even red heat is reached, and then 
burying in sand till it cools. Rehardening is not so 
easy, as some parts split or twist easily when plunged 
at a red heat into cold water. Caution must be used 
in the operation. Quenching in oil is safer; but the 
part cannot be made so hard. 

The metal saw is a very handy tool; but the hard- 
ened steel blades are exceedingly brittle, and any twist 
or crookedness in the sawing operation causes a break- 
age. The fine-toothed blades should be used for iron 
and steel, and the coarser ones for brass and soft 
metals. For cutting through a brass or steel tube, 
use a fine-toothed blade, as the teeth rip off from the 
coarse ones. Befcre sawing, make a true circumferen- 
tial line round the tube where the cut is desired; 
then, by turning the tube round a little between each 
eut, the latter will be nice and straight. The broken 
blades are useful at times for small repairs, as they 
are readily softened. 

Spiral springs are so readily obtained in a large 


variety now that it is not often one is at a loss for 
ene. The occasion may arise, however, and it is worth 
keeping in mind that the hand drill fixed in the vise, 
as shown in Fig. 3, makes a first-rate winder for 
spiral springs, using a piece of round steel rod as a 
mandrel. Steel spring wire of various gages can us- 
ually be obtained at hardware dealers, 
I! 


hi 


There are occasions where time would be saved if 
it were not necessary every time to find a screw- 
driver of a certain size to unfasten a small screw. In 
automobile repairs, for illustration, take the cover of 
the carbureter float chamber, or the cover of the con- 
tact make-and-break, lubricator fitments, or any part 
fastened with a few small screws. It is a very simple 
matter to convert an ordinary screw into a thumb- 
screw, and it will be found well worth while to spend 
a little time in effecting the change. Obtain a nar- 
row strip of hard-rolled sheet brass (or strip iron) a 
shade thicker than the slot in the screw, and % inch 
to *; inch wide. Trim the edge with a file, that is, 
one end of the strip, so that it may be knocked tightly 
and squarely in the slot of the screw, as shown in 
Fig. 5. Now, hold the screw, supported on the strip, 
in the Bunsen flame for a few moments, and touch 
the edge near the slot with a stick of zinc. The solder 
will run in and around the joint, making all strong 
and secure. Cut off with a cold chisel at A, or nick 
across with a file, and trim the corners with a file, Fig. 
6. Hexagon-head screws may be done in exactly the 
same manner if a slot is first carefully cut across the 
center of the head with the metal saw. 

Making good connections to the end of wire cables 
is a bugbear at times. A very good one may be ham- 
mered out of soft copper tube, as shown in Fig. 7, the 
sketch being self-explanatory. The cable is stripped 


Fig. 7. 


and pushed into a short piece of copper tube of suit- 
able size, which is first pinched in the vise jaws, thus 
effecting a good grip of the bared wire strands. Then, 
holding the copper piece on an anvil or iron block in 
the vise, spread it out with the hammer, drill the hole 
to suit, and saw or file through, finally trimming up 
the face and edges. Such a connection is practically 
everlasting, and easily detachable without having to 
take the terminal head off. 

In straightening a spindle, light shaft, or valve stem, 
that has become accidentally bent, hammering the 
piece straight is crude and unmechanical, and general- 
ly results in bruising the piece. A better way is 
shown at Fig. 8. For this it is necessary to have a 
really good and strong parallel vise, as the straight- 
ening operation may easily cause a cheap cast-iron vise 
to snap across. Cut or file V notches in three hexa- 
gon nuts, lay the bent piece in the vise jaws as shown, 
with the nuts as supports and fulcrum. Apply steady 
pressure with the vise screw, and the piece will 


straighten out. The vise, with its strong, square 
thread and handle, makes an exceedingly powerful 
compound lever. Up to % inch diameter, steel can 
be trued up if the piece be heated red and the blocks 
quickly manipulated in position. In actual practice 
it is not probable that an exhaust valve would become 
so much bent as that shown in the sketch, so that no 
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more than a very moderate pressure applied at the 
right point would be necessary to bring it true 
again. A practised hand would know almost by a 
glance along the stem and twisting the valve in the 
fingers whether it were true or not. It is better for 
the unpractised hand to test the piece by laying an 
ordinary steel straightedge along it, and noting 
whether it agrees with it, 

Those who intend to do automobile repair work 
often require metal brackets and angle pieces of a cer- 
tain size and shape. These are quite easy to make 
with ordinary tools and vise out of soft-rolled brass 
or iron strip from 1/16 inch to %& inch thick, and this 
strip is so easy to obtain in a variety of widths from 
any metal warehouse that it does not pay, except in an 
emergency, to cut up a sheet. If brass is used, it had 
better be made quite soft by heating to redness and 
plunging into water. To save time and avoid waste 
of material, always make a thin cardboard pattern of 
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the fitting required and work to it. In most cases the 
holes for screws may, with advantage, be drilled be- 
fore bending the strip in the vise. 

‘ Copper wire is a material no automobile repair 
blacksmith can afford to be without, in view of the 
humerous temporary repairs that can be effected with 
it. The right sort of wire should be obtained; that is, 
it must be the soft ductile kind, and not the hard- 
drawn variety, which so easily twists off and is very 
difficult to manipulate. A variety of thicknesses, from 
No. 12 to 18 gage, is most useful; but one should 
never be without a good length of the special tinned 
copper wire, No. 22 gage, as used by electricians. It 
is surprising what repairs can be made with it by the 
exercise of a little ingenuity on broken gasoline and 
oil pipes, and many ignition parts. A gasoline pipe, 
which has a bad split in it, may be permanently re- 
paired by cleaning the surface of the pipe with emery 
cloth, and wind closely over the damaged part a layer 
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of the tinned wire and soldering it up. The tinng 
surface makes the soldering perfect and easy. It is 
useful material also for plugging up or covering oye, 
a hole in a radiator, gasoline tank, or lamp reservoir, 
to make a good soldered repair. 

It is often the case that gasoline engine valves be 
come short in the stem from the constant hammering 
and if not of the adjustable type the proper opening 
of the valves cannot be obtained. There are severaj 
ways of adding a piece of steel to the stem; but, with 
the ordinary tools to hand, as good a method as any js 
to carefully drill a small hole from 3/32 inch to y 
inch diameter up to the stem, then file a steel pin that 
ean be driven in very tight. Drill and countersink g 
hole through a piece of steel strip, and rivet on to 
the stem by the projecting bit of steel pin. Tl inally 
trim up with a file. Another way is to drill and tap 
a small hole up the stem, and screw a small stee! bolt 
in.—Blacksmith and Wheelwright. 


DIFFICULTIES IN CONSTRUCTION. 


BY HERBERT CHATLEY, B.SC. 


Ir is needless to point out, however simple the root 
principles underlying the design of any machine may 
be, when the machine is to be built, extremely com- 
plex combinations of principles appear, so that the 
practical man is saddled with far more burdensome 
troubles than those which hamper the theorist. 

A study of the various machines in existence has 
led the author to notice the following difficult prob- 
lems: 

(1) The determination of the relation between the 
area and weight. 

(2) The adoption of a prime mover and propeller 
suited to the required speed and manipulative effi- 
ciency. 

(3) The arrangement of the weight and support- 
ing surfaces to give permanent stability and dirigi- 
bility. 

(4) ‘Phe selection of accessory appliances. 

There are certain other points to be considered in 
a free development of the subject, but there will be 
endugh to do in tackling these. 

AREA AND WEIGHT. 

If we presuppose that the machine is of the type 
having plane or nearly plane supporting surfaces and 
a positive angle, it may be said that the long series 
of experiments from Vinci to Langley has conclusively 
shown that the lift depends on the area, the square 
of the relative velocity and (approximately) the sine 
of the angle. These three quantities may be varied 
so as to give a lift slightly exceeding the weight, but 
the range through which they may be varied is not 
unlimited. Thus there is a minimum value of the 
velocity (corresponding to an angle of about 25 deg.), 
and the angle may not be decreased much below 2 deg. 
nor increased above 30 deg. without impairing the 
mechanical efficiency. Similarly the area cannot be 
greatly increased without increasing the weight. 

On the face of it, the determination of the area 
would seem to be somewhat difficult, since a weight 
driven by large power at a large angle needs (com- 
paratively) small area, and the same weight driven by 
small power at a small angle needs (comparatively) 
large area, the starting velocity being the same in 
each case. 

A Dutch naturalist, Harting, discovered an approxi- 
mate law for the relation between the area of a bird's 
wing and its weight, which seems peculiarly appli- 
cable, and the author has reduced it to English units 
(slightly increasing the constant) as follows: 

Area (square feet) —6 (weight in pounds) ‘/3, 

This works out very nearly to all cases of natural 
flight, and leads in the case of machines, such as are 
now experimented with (weight, say 1,000 pounds) to 
a ratio of area to weight = 2/3, i. e., each square foot 
lifts 1%4 pounds. Some machineg use larger areas, 
and, in consequence, need much more power; but, on 
the other hand, the starting velocity may be much 


lower. 
This would indicate (as is indeed already well 
known) that the heavier the machine, the smaller 


may be the supporting surface. Thus, if the weight 
is 1,728 pounds, the area in square feet is half the 
weight in pounds, and if 2,397 pounds, the area in 
square feet is one-third the weight in pounds. 

This question may well be concluded by a compari- 
son of the areas of some machines with the above law: 


Ratio of Ratio of 
Name. Weight Weight Weight 
to Area. by Law. 
Santos Dumont, 14 Bis. 460 0.53 1.286 


Farman . 1,200 1.79 1.78 


The last is a remarkable coincidence. The two pre- 
vious machines, ifthe law is true, have an excess of 
area which may perhaps account for the difficulties 
experienced in controlling them. 

It should be noticed that by adoption of this law, 
other factors being the same, the necessary soaring 
velocity varies as the sixth root of the weight. 

MOTOR AND PROPELLER, 

At the present time considerable difficulty is experi- 
enced in choosing a motor for an aeroplane. Two very 
light types, the Levavasseur “Antoinette” and Messrs. 
Dufaux Fréres gasoline motors, have been evolved, 
but are subject at present to certain defects by reason 
of their exceedingly small weight. The experiments 
that have been made up to the present show that one 
effective horse-power will lift about 100 pounds at a 
speed of 30 miles per hour. Since, however, the com- 
bined efficiencies of gearing and propeller rarely ex- 
ceed 50 per cent, this only means 50 pounds per 
B. H. P. Making a fourth allowance for traveling at 
a somewhat lower speed a lift of about 30 pounds per 
B. H. P. can be relied on, so that a rough notion of 
the B. H. P. necessary can be obtained by the follow- 
ing rule: 

Weight of machine without motor 
= B. H. P. needed. 


35 
This allows 5 pounds per horse-power for the weight 
of the motor. The Dufaux motor, which holds the 
record for lightness, consists (in the 120-horse-power 
set) of ten cylinders, directly paired and double act- 
ing, overhung shaft, water-cooled cylinders, and air- 
cooled piston. The Esnault-Pelterie motor should also 
be mentioned in this connection, since its weight is 
nearly as low as the other two types, and it seems 
very fairly efficient. 

In almost all the later machines the flywheel is dis- 
pensed with, uniformity of torque being maintained 
by balancing the pistons carefully. The kinetic energy 
stored in the propeller is also relied on to some extent. 

As to the propeller itself, there is considerable diver- 
sity of opinion, but in nearly all cases it has been 
found preferable to use fan-bladed propellers with two, 
three, or four blades. The two-bladed type gives seem- 
ingly the best results, owing to the arrangement giv- 
ing a minimum disturbance of the air. The author 
does not propose to give any formule in relation to 
the propeller since the final rule of thumb methods 
used by the French school of aviators were given by 
Capt. Forbes-at a meeting of the Junior Institution 
of Engineers in February, 1908. He would, however, 
mention certain points worthy in his opinion of con- 
sideration. 

(1) By using superposed blades the thrust can be 
greatly increased. (Mr. Walker’s experiments have 
proved this.) 

(2) A further increase in the thrust is obtained if 
aerocurves of the form instituted by Mr. Phillips are 
employed. [The author is aware that some inventors 
are using curved blades, but there does not seem to 
be any uniformity in the attempts.] 

(3) A minimum of slip is desirable. (This was 
shown by Prof. Langley’s dynamometer experiments, 
and also may be deduced from the results of the late 
Mr. Froude in regard to water.) 

Hence it is desirable to run the propeller at only a 
little above the normal speed of the aeroplane. There 
is here a difference from marine practice due to the 
difference between air and water friction. (See Mr. 
Froude’s “Elementary Relations Between Ship, Pitch, 
and Propulsive Efficiency.” Transactions, Institute 


Naval Architects.) As to the method of transmission 
of power from the motor to the propeller, this will 
largely depend on the speed at which the propel'er is 
to run. The Dufaux 120-horse-power set is desigiied to 
run at 1,500 R.P.M., but of course a small area and 
diameter propeller would cause the engine to race until 
the cross resistance produced a torque equal to that 
corresponding to the power and speed. If we say that 
the maximum speed desirable is 60 miles per hour 
(on a certain machine), and assume a propeller veloc- 
ity of 65 miles per hour (or 951/3 feet per second), 
we fix the revolutions by the pitch, or vice versu. If 
the motor can efficiently run at the determined pro- 
peller speed, then (as is at present usually the case) 
the shafts will be direct coupled. At present there is 
scarcely any machine which has the propeller well 
under control, i. e., can be stopped and started, aliered 
in speed, etc.., without stopping the motor. This is 
due, of course, to the weight of clutches, change speed 
gears, etc. Probably some of the enterprising firms 
who have shown an intere«t in this subject may pro- 
duce suitable gear for this purpose. 


ARRANGEMENT OF SUPPORTING SURFACES. 


This problem is the most difficult of all, and is per- 
haps to us the most interesting, seeing that it is by 
no means completely solved. 

As Major Baden-Powell showed the Society in 1907, 
the laws relating to the stability of surfaces sustained 
by the displacement of air are comparatively com- 
plex. He quoted the now well-known law of (apt. 
Joessel as to the displacement of the center of pres- 
sure to a position anterior to the center of surface 
on a plane with a position angle. Kummer and Lang- 
ley have shown that this displacement is less on planes 
narrow in the direction of motion, and more on planes 
long in the direction of motion, than Joessel’s law 
indicates, unless the angle of inclination exceeds 30 
deg. Above this angle the relation is reversed. An 
analogous change takes place in the pressures on the 
planes. This eccentricity of the center of pressure 
renders an unbalanced simple surface unstable, being 
subject to a torque = weight X< displacement of «. Pp. 
from the c. g. If a weight be attached at such a dis 
tance from the c. g. that this torque is balanced for 
that particular wind pressure and angle, the plane 
is stable, and if the weight can be rapidly adjusted, 
balance in many positions is possible. This is the 
principle of the kite tail, and is employed in José 
Weiss’s “Albatross” gliders, which consist of a torpedo 
or cigar-shaped body, containing a central shaft, along 
which slides a leaden weight, the supporting surfaces 
being “pterygoid aerocurves,” i. e., wing type curved 
surfaces. 

Mr. Esnault Pelterie’s latest machine (March, 108) 
seems to consist of a somewhat similar arrangement, 
but the planes are dihedral (i. e., inclined downward 
toward the central body). 

Another method of balancing is to use two sur/aces 
separated by a sufficient space to prevent mutual dis 
turbance of the air currents. The pressure on the 
two surfaces causes a balance (in steady motion) about 
a point between the surfaces. This again leads to 4 
type of machine. Langley’s aerodrome, Bleriot’s neW 
machine, and Messrs. Mangin and Gastambide’s aero 
plane, all show this feature. Laterally, they consist 
of dihedrally arranged planes, and longitudinally, ® 
pair of similar sets. 

The superposed type, and cellular or box type, next 
call for attention. The superposed type gives addi 


tional lift, without increase of length, and is, in the 
case of the Phillips machine, carried almost to its 
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limit. The cellular type owes its efficiency to the im- 
pressing Of a definite course to the current, and so de- 
ereasing the variability of the pressure. 

Finally we come to a compound type, which has 
been the source of the French types, which lately 
have proved successful, viz., the Chanute glider. This 
consists of a longitudinally-paired but unequal system 
of superposed and cellular sets. In front we have two 
superposed planes attached by means of a central 
girder to a rear cellular set. This arrangement pos- 
sesses remarkable stability. A method of construct- 
ing such a glider was described by Messrs. Voisin 
Fréres in Knowledge last year. A collaboration be- 
tween Mr. Octave Chanute and Capt. Ferber, furthered 
by the individual enterprise of Messrs. Voisin Fréres, 
caused several machines to be evolved from the Cha- 
nute glider. Among these the Bleriot-Voisin, Arch- 
deavon-Voisin, Farman-Voisin, and Delagrange-Voisin 
machines are best known. The last two now hold the 
record for aviation.* 

On the basis of these preliminary types, the author 
has worked a scheme of classification, as follows: 
Longitudinal arrangement. 

1. Paired sets—(a) Anterior and posterior equal 
—e. g., Archdeacon, Phillips 1, Langley, Lud- 
low, Bleriot; (b) Anterior set larger than 
posterior set—e. g., Farman, Delagrange, Fer- 
ber, Santos Dumont XIX, Chanute; (c) Poste- 
rior set larger than anterior set—e. g., Santos 
Dumont XIV bis, Roe. 

-. Single set.—e. g., Weiss, Vuja, Esnault-Pelterie, 
Wright brothers. 

Vertical arrangement. 

|. Superposed planes for both sets.—e. g., Phillips, 
Bleriot, Ludlow, Bellamy. 

2. Superposed anterior set, cellular rear set—e. g., 
Chanute, Farman, Delagrange. 

3. Cellular anterior set, cellular rear set—no ex- 


amples. 

4. Cellular, both sets—Archdeacon, Santos Dumont 
XIV bis. 

5. Single planes for both sets—Langley, Bleriot 
VIL. 


6. Front set single, rear superposed—Roe. 
Lateral arrangement. 

1. Dihedral—e. g., Santos Dumont XIV bis and 
XIX, Ludlow, Esnault-Pelterie, Langley, Vuja, 
Mangin and Gastambide. 

2. Monoplanar—e. g., Farman, Ludlow 
with Dihedral ‘“Tetrahedral”), 
Bleriot, Roe. 

Form of planes. : 

1. Uniplanar—e. g., Maxim, Langley, Wright broth- 
ers, Archdeacon, etc. 

2. Curved—e. g., Phillips, 
grange. 

By means of this scheme it is possible to draw up 
a specification of the supporting surfaces for any ma- 
chine. The majority of the machines referred to have 
made flights of a more or less satisfactory kind, and 
in the present state of knowledge it is difficult to say 
which of the types is the best. The Farman-Voisin 
machine certainly has given the best results to the 
present, and it is noteworthy that the new Delagrange- 
Voisin machine, built on exactly the same lines, is 
equally efficient. 

It will perhaps be useful to give the specification 
of this type (see table). 

Longitudinally paired, front set two superposed 
planes, slightly curved. Posterior set cellular, and 
smaller than their front set. Both sets laterally mono- 
planes. Framing consists of two transverse lattice 
girders united by one axial girder. Propellers between 
the sets, and aeronaut’s car between the superposed 
planes. [Steering planes will be referred to later.] 
The center of gravity will lie somewhere near the 
motor (at the back of the superposed planes), so that 
the pressure on the rear set X distance from the ec. p. 
of that set to the common c. g. = pressure in front 
set X distance from c. p. to the common ce. g., thus 
assuming initial balance. 

Against the assumption that this is the best type 
the following facts must be set: 

(1) Langley’s areodromes gave very satisfactory 
results with a much simpler system of planes. 

(2) All the more recent machines (including Far- 
man II, Santos Dumont XIX, Bleriot VII, Mangin and 
Jastambide, Esnault-Pelterie) incline toward the 
Langley dihedral type. 

(3) There is apparently little reserve of lateral 
stability. 

The final choice seems to rest between the Farman- 
Chanute glider and the Langley dihedral type. In 
favor of the former are the superposed surfaces the 
use of which decreases the length and spread of the 
machine. The latter has the advantage of equal bal- 
ance and less interference with the action of the rear 
set. Certainly if the sets are unequal the front should 
be the larger, so that the center of gravity of the ma- 
chine should be nearer to it than to the rear. If the 
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TABLE OF MACHINES. 


Name. Longitudinal, Lateral. Vertical. 
As Single Dihedral Superposed 
Equally paired Dihedral Monoplanar 
Santos Dumont XIV, bis.. Unequally paired Dihedral Cellular 
Santos Dumont XIX...... Single Dihedral Monoplanar 
Unequally paired Unipianar Superposed 
Delagrange I............<.- Equally paired Uniplanar Superposed 
Delagrange II............ As Farman I 
Bleriot-Voisin I........... Unequally paired Uniplanar Superposed 
Bleriot VII.......... Equa!ly paired Dihedral Monoplanar 
Esnault-Pelterie ......... Single Dihedral Monoplanar 
Equally paired Uniplanar Superposed and cellular 
Mangin and Gastambide. . Paired Dihedral Single 
Unequally paired Uniplanar Superposed 
Moore-Brabazon ......... Paired Uniplanar Superposed 
EE i Equally paired Uniplanar and dihedral Superposed 
Equally paired Uniplanar Superposed 
Wright brothers.......... Single Uniplanar Superposed 
Single Dihedral Monoplanar 
Unequally paired Uniplanar Superposed 

Types 
SS. Equally paired Dihedral Monoplanar 
| Unequally paired Uniplanar Superposed and cellular 
Archdeacon .............. | Equally paired Uniplanar Cellular 


sets are equal then superposed or cellular types must 
to some extent reduce the lift on the rear set. As to 
steering planes we have several varieties: 

1. Separate sets for vertical and lateral steering.— 
In this case approximately horizontal planes (or one 
plane) are placed in front for vertical steering and a 
vertical plane or planes for lateral steering at the rear. 
The axes of vibration lie in a median plane. Exam- 
ples—Farman I, Wright brothers. 

2. Cruciform set.—Vertical and horizontal planes 
intersecting one another at right angles are used in 
the Langley, Bellamy, and Ludlow machines. 

3. Cellulose set.—A single box set revolvable about 
an axis placed in front. This was used in Santos 
Dumont XIV bis, but does not seem to have been re- 
garded by him or other aviators as satisfactory. Capt. 
Ferber considers it should have been placed in the 
rear of the machine. 

4. Single large plane—Mr. A. V. Roe, in 1907, 
showed some models in which steering (both vertical 
and horizontal) was performed by the rear or front 
set of a paired system consisting of a single plane. 
This could be rotated through a small angle about a 
horizontal axis through the center of pressure for 
vertical steering, and twisted (up one side and down 
the other on a diagonal) for lateral steering. His 
large machine at Brooklands (1908) is constructed 
with the front set arranged in this way. The “motor 
is placed just in front of the rear set (two super- 
posed planes), and the aeronaut’s car in under the 
front plane. 

5. Small planes at tips of dihedral planes are used 
in the last Bleriot machine on the front set only, re- 
volvable about axes passing through dihedral planes. 
(To be continued.) 


WHEN IS A CORD OF WOOD NOT A 
CORD? 

To THe farmer harvesting his small woodlot and to 
the man laying in logs for the large fireplace of his 
country or seaside home; to the paper manufacturer 
buying pulpwood and to the proprietor of the ordinary 
city wood yard—to all of these men this question has 
an important dollar-and-cents meaning. 

Queer to say, and contrary to the belief of most 
people, there are many times when a cord is less than 
a cord, and many conditions when it is more. School 
arithmetics say that a cord of wood is 128 cubic feet, 
or the contents of a pile eight feet long, four feet 
high, and four feet wide. Wood is marketed on this 
basis. A pile whose length, breadth, and height mul- 
tiplied together give this number of cubic feet fills 
this requirement, no matter whether the sticks are 
long or short, straight or crooked, round or split, un- 
less there is an understanding to the contrary. Never- 
theless, a cord, though it comes up to legal measure- 
ments, is an uncertain quantity, even when the seller 
is honest and the buyer satisfied. 

A lumberman may have a tract of pulpwood which 
he sells to a paper mill at $5 a cord, for as many cords 
as it will make. It is in the contract that he shall 
cut and stack it. He cuts it in 12-foot lengths, and 
when the job is complete, it measures 200 cords, and 
he receives $1,000 for it. Would he have made or 
lost by cutting 4-foot lengths instead of 12? 

He would have lost in the first place from the addi- 
tional labor required to cut 4-foot wood, but his prin- 


cipal loss would have resulted from a greatly dimin- 
ished number of cubic feet, due to the fact that short 
sticks lie closer together than large. 

Measurements and experimental tests have been 
made to ascertain exactly how much actual wood is 
in cords of different lengths, sizes, shapes, and species. 

Had the 200 cords of 12-foot wood been cut in 4- 
foot lengths, there would have been only 176 cords, 
and the owner would have received for it $880 instead 
of $1,000. It was, therefore, clearly to his advantage 
to cut 12-foot lengths, but it would have been to the 
buyer’s advantage to have it cut in 4-foot lengths. He 
would have received the same actual quantity of wood 
for $120 less. 

It also makes considerable difference to the seller 
whether wood is chopped or sawed. If chopped, the 
chips are lost. Where the logs are large this loss 
amounts to no small total. In a cord of 4-foot wood, 
with sticks 6 inches in diameter, the chip loss is 
from six to eight per cent; and of course the shorter 
the sticks are cut the greater the loss. If the wood 
is sawed, the sawdust loss is scarcely the half of one 
per cent. 

The difference due to spaces between the sicks of 
course depends very much on the shape and size of 
the sticks. Straight, smooth sticks lie close together, 
and a cord contains more wood and less air. For 
given lengths, sticks of soft woods are usually straight- 
er and smoother, and when stacked lie closer to- 
gether. But whatever the kind, cords of long sticks 
are pretty sure to contain more empty space than 
cords made of short pieces. Likewise, cords of split 
wood contain less than cords of round sticks. The 
finer the wood is split the more it makes. Hence wood 
dealers are often willing to sell kindlings, all sawed 
and split, for the same price per cord as unsplit wood. 
They get back the cost of labor in the increased bulk. 

A cord (128 cubic feet) of 4-foot hardwood usually 
contains about 83 cubic feet of solid wood; a cord of 
3-foot wood averages 8314 cubic feet; of 2-foot wood, 
84 feet, and of 1-foot wood 85 feet. The conifers, soft- 
woods, contain 90 to 96 cubic feet. Thus the pur- 
chaser receives on an average about two-thirds of a 
cord of real wood and one-third of a cord of spaces. 

In some countries wood is bought by weight, and 
the buyer comes more nearly getting what he bargains 
for; but even then he may miss it if he receives green 
wood when he wants dry. According to timber test- 
ing engineers of the United States Forest Service, 
wood may lose half or more its green weight in sea- 
soning. Cedar for lead pencils is bought by weight 
in this country. The pieces are so small and of such 
irregular size that they cannot conveniently be stack- 
ed and measured as cordwood. 

The bulk of nearly all woods decreases as season- 
ing goes on. A hundred cords green will make from 
89 to 93 cords when dry. This is a factor of no small 
importance to dealers who handle large quantities. 

Woodlot owners and farmers who have small for- 
est tracts from which they expect to sell cordwood are 
no less interested than contractors who buy and sell 
large quantities. It will stand them in hand to know 
how much difference it makes whether wood is cut 
long or short, chopped or sawed, whether the sticks 
are round or split, whether large or small, and whether 
the measurements are to be made while the wood is 
green or after it is seasoned. 
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NEW LIGHT ON BABYLON AND ASSYRIA; 


RECENT EXCAVATIONS IN ASSUR AND BABYLON. 


BY 


For a number of years the German Orient Society 
has uninterruptedly carried on systematic excavations 
in two of the most important centers of the ancient 
Babylonian-Assyrian civilization; in the south in the 
city of Babylon, which in the days of Hammurabi 
(about 2000 B. C.) became the capital of Babylonia; 
and in the north in the city of Assur, the starting 
point of the political growth of Assyria, now traced 
back to a period beyond 2000 B. C. Moreover, Assur, 
even after it yielded its prerogatives to Caleh, and 
later to Nineveh, still retained considerable of its 
former prestige. The chief feature of these excava- 
tions, conducted in the south by Prof. Robert Kolde- 
wey, and in tae north by Walter Andreae, is the 
systematic manner in which the work has been carried 
on, without sensationalism or blare of trumpets. One 
section after the other of the extensive mounds at 
both places has been attacked and thoroughly explored. 
Indifferent to merely showy results, the explorers have 
endeavored to obtain as complete a view as possible 
of the contour of these two capitals in the various 
periods, and to make an equally complete study of the 
different kinds of structures unearthed. A great deal 
of time was devoted to the mere tracing of walls and 
to other labors that previous explorers, more concerned 
to announce striking results, would have regarded as 
wasted efforts. Reports of progress have been sent at 
frequent intervals to the home office of the society in 
Berlin, and there published in the form of Mitteilungen. 
The society has had liberal support from a large mem- 
bership, and in particular from the German Emperor, 
who has given several thousand dollars annually, and 
a Berlin banker, James Simon, whose generosity in 
aiding archeological expeditions has not been limited 
to the undertakings in Babylon and Assur. The lead- 
ing spirit of the German Orient Society is Prof. 
Friedrich Delitzsch, to whom the interest of the 
German Emperor is largely due. Prof. Delitzsch’s 
lectures on various phases of Babylonian-Assyrian cul- 
ture, delivered before the German Emperor and re- 
peated in all parts of Germany, have brought the 
results of Assyriological research to the notice of the 
general public. 

In Babylon, where digging was begun in 1899, one 
of the chief results was the discovery of the sacred 
procession street—the via sacra—along which the 
statues of the gods were carried on festivals. It led 
through the city to the great temple of Marduk, and 
appears to have been made more particularly for the 
annual visit which on New Year's day—celebrated at 
the time of the vernal equinox—the god Nebo, whose 
seat lay at Borsippa, opposite Babylon, paid to the 
patron deity of Babylon as a kind of homage to the 
head of the pantheon. This street, which was raised 
above the level of the houses, was lined with glazed 
tiles, on which lions were depicted, accompanying the 
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were likewise covered with glazed bricks, on which 
dragons and bulls were depicted, which probably 
represent the designs referred to in one of the visions 
of Ezekiel. Large portions likewise of the temple area 
of Babylon were carefully explored, as well as sections 
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of the royal palaces, though the almost hopeless state 
of the ruins afforded less opportunity here for definite 
results. Besides the great temple of Marduk, known 
as Esagila, “the lofty house,” sacred structures dedi- 
cated to other deities, notably a temple to the solar 
deity Ninib (one of the most important gods of the 
pantheon), and a temple to Nin-Makh, “the great lady” 
(a designation of the chief goddess Ishtar), were also 
unearthed and their general character determined. 
These temples lay within the sacred area around 
Marduk’s sanctuary, and from the inscriptions of 
Nebuchadnezzar we know that, grouped about the 
chief sanctuary, were special edifices, chapels as it 
were, to a large number of gods and goddesses. In 
other words, Babylon, like other centers in the 
Euphrates Valley, had an entire sacred quarter, and it 
is this quarter that Prof. Koldewey has to a large 
extent explored. The general character of Babylonian 
temples has now, thanks to the work of the German 
Oriert Society, been clearly determined. Through a 
central gate one entered a large court open to the air, 
around which were numerous smaller rooms for the 
use of the priests, for storage, and for the temple 
school. This court led to a smaller inclosure, from 


the earlier diggings threw light on only the lates 
period of Babylonian history, on the time of the Neo. 
Babylonian dynasty. This was founded in 625 B.¢ 
by Nebopolassar, the father of the famous Nebucha#. 
nezzar, and it lasted only until 539 B. C., when Babylon 
was taken by Cyrus. The lack of earlier remains wag 
supposed to be due to the sad havoc made by King 
Sennacherib of Assyria, who, to punish the Babylon. 
ians for their frequent revolts against Assyria, de 
stroyed the city in 689 B. C. In order to make 
destruction complete, he flooded the city. Happily, 
however, the latest Mitteilungen tell of the recovery of 
a considerable number of cuneiform tablets, chiefly 
Lusiness documents, dated in the reign of the first 
dynasty of Babylon, the sixth member of which was 
Hammurabi (about 2000 B. C.). These tablets were 
found in a stratum of the mounds that reached down 
to the water level, showing that the explorers had thus 
struck the beginnings of the settlement. In part, this 
oldest settlement was built on an eminence at some 
height above the water. The ancient wall of the city 
at the old water level has also been traced for a con- 
siderable distance; and among other interesting dis- 
coveries, mention should be made of the landing places 
for small boats, to which stairs led down from the 
wall itself. 

To enumerate the many inscriptions and fragments 
of monuments found in the course of the excavations 
would carry us too far. Clay cylinders of various 
rulers, notably one of Nebopolassar, have furnished 
many new details; a boundary stone dating from the 
twelfth century contains some important symbols, 
while terra-cotta statuettes representing the goddess 
Ishtar, in various forms, among others with a child at 
her breast, are examples of the kind of votive offerings 
that the worshipers deposited in the temples. Of 
special interest is a stone tablet with reliefs depicting 
incantation scenes to secure release from the grasp of 
the demons; while, as a great surprise, a dolorite s/cle 
with a Hittite god sculptured on it, accompanied by a 
Hittite inscription, was unearthed during the first year 
of the excavations in the portion of the mound cover- 
ing the remains of the royal palace and burg. It 
appears to have been carried to Babylon as a_ trophy 
of war. 

At Assur, the results have been even more gratifying. 
The work here was not begun till the autumn of 1903, 
but it has been carried on uninterruptedly up to the 
present time. The temple of the god Ashur, which 
was known as the “House of the Great Mountain of 
Countries,” has been found, the zkkurat, or stage 
tower, which was one of the features of the city, has 
been explored, and, perhaps most important of all, the 
temple which was dedicated to two gods, Anu and 
Adad, and which appears to have been even more 
sacred than that to Ashur, has been most thoroughly 
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VIEW FROM THE EXPEDITION BUILDING AT ZIKKURAT, 


RECENT EXCAVATIONS IN ASSUR AND BABYLON. 


god on his way. Next to the procession street, the 
elaborate gateway, likewise leading to the temple and 
known as the gate of Ishtar, was unearthed and so 
thoroughly explored that its construction is now 
known to us in its smallest details.‘ The walls here 
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which one proceeded to the sacred cella, containing the 
statue of the god or goddess to whom the temple was 
dedicated. The general resemblance of such a struc- 
ture to Solomon’s Temple leaves no doubt that— 
whether through direct or indirect copying—the latter 
was modeled after Babylonian examples. 

It was somewhat of a disappointment that most of 


excavated. A separate monograph on this temple, with 
a complete series of designs and illustrations by 
Andreae, is now in press. The homage to the two 
gods is marked by the remains of the two stage-towers, 
one to Anu, “the god of “heaven”; the other to Adad, 
“the god of storms.” Possibly these two stage-towers 
formed the original portion of the sacred area, an@ 
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subsequently the temple proper was built with the 
usual large court, surrounded by a series of rooms. 
Within the court was a sacred well, and beyond, on 
the northwest side of the court, was a long room, with 
the statues of the two gods. Of special interest is a 
portion of the forked lightning, made of gold, the 
ordinary symbol of Adad. It is a fair presumption 
that it belonged to the temple statue of the god and 
was held in one of his hands. The foundation of this 
temple can now be traced back to the eighteenth cen- 
tury B. C. Another striking result of the excavations 
was the discovery near the outer wall of the city of a 
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sults in Babylonia and Assyria is the extension of the 
society’s activities to Egypt and Palestine and to the 
Hittite settlement in Boghaz-Kéi in Cappadocia (see 
the Nation of February 27th, 1908, page 189) and 
neighboring sites In Egypt the site chosen was 
Abusir, where most important discoveries were made, 
chiefly in the temple of the dead in honor of King 
Sahure. In Palestine, the ruins of ancient synagogues 
in Galilee were thoroughly explored, and last spring 
the site of the ancient city of Jericho was vigorously 
attacked and important preliminary results attained 
(see the Nation of February 4th, 1909, page 125). 


BUILDINGS OF THE GERMAN EXCAVATION EXPEDITION AT ASSUR, 
SEEN FROM THE SOUTHWEST. 


“festival house” (bit akiti) in honor of Ashur, erected 
by Sennacherib. To this sacred edifice, the statue of 
the god Ashur was carried from his temple at the time 
of the new year’s festival, celebrated, as in Babylon, 
in the spring. The new year commemorated the tri- 
umph over the monster Tiamat, symbolical of primeval 
chaos, and the establishment of order in the universe. 
This deed was ascribed in Babylonia to Marduk, while 
in Assyria the distinction was claimed for the god 
Ashur, who, during the duration of the festival, took 
up his seat in the special “festival house,” surrounded 
by the statues of other great gods. An extensive 
garden in front of the structure and another in the 
large court are some of the features meriting special 
attention. The cella, or “holy of holies,” was un- 
usually large, evidently serving as the assembly place 
of the gods on the most sacred occasion of the year. 

A feature of the excavation at Assur is the discovery 
of many private houses, with vaults in which the mem- 
bers of the family were buried. The dwellings of the 
living thus became also the abode of the dead. Much 
light has been shed, both upon the interior arrange- 
ment of these houses and on the methods of burial. 
Burial and cremation appear to have existed side by 
side, and in burial several methods were followed. The 
body, semewhat compressed, was either forced into a 
clay sarcophagus, or it was simply laid on the ground, 
or it was walled in within clay covers. From the 
large number of such private houses that were exca- 
vated, many of the details of the interior arrangement 
have now become clear. The floors were generally 
formed of pressed earth, while the courts were, as a 
rule, paved with pebbles, bits of stones, or bricks. 
Regular patterns, rosettes and squares, were formed 
by the combination of the pebbles and little stones. 
Much care was bestowed on the drainage, and even 
the simplest houses had at least a gutter to carry off 
water and refuse to the street canal. The thresholds 
were made of gypsum slabs, or of brick, and the sup- 
ports and hinges for the doors were carefully worked 
out. The streets appear to have been narrow and 
irregularly laid out, and, at times, the entrance to the 


, houses lay through an alley, running off from the main 


street. A feature of the houses was the large court 
adjoining the main room. The approach to the court 
was from a kind of corridor, leading directly to the 
main entrance. In this corridor, there was generally 
& mortar sunk into the ground, and used for crushing 
the grain. Traces of stairs going to the roof have 
also been found. The number of rooms naturally 
varies. An unusually large house that was unearthed 
had no less than twenty separate apartments, grouped 
around the central court, including one that served the 
purpose of a bath-room. 

The number of inscriptions of all kinds found in 
the course of excavations at Assur is very large, and 
many of them are of great historical importance. 
While only portions of these inscriptions have been 
published, the results have already enabled us to carry 
the history of Assyria back several centuries beyond 
1800 B. C., which a few years ago represented the 
limit of our knowledge. The oldest Assyrian priestly 
chief now known to us is Ushpia, the founder of the 
Main temple to the god Ashur. His date can be ap- 
proximately fixed at 2100 B. C. ; 

Besides the work done in Babylon and Assur, the 
German Orient Society has also undertaken prelimi- 
nary excavations at other points in the Euphrates 
Valley, and has carefully examined a variety of 
Promising sites. Scarcely less important than the re- 


The rapid growth of the German Orient Society, now 
numbering more than one thousand members in all 
parts of the world, is in itself a recognition of the 
value of the work accomplished, as well as an index 
of the remarkable interest in archeological research 
which, during the last fifty years, has so widely ex- 
tended our knowledge of the past and fairly revolu- 
tionized our views of the earliest civilizations. 


MIRROR FOR SEARCHLIGHTS AND 
MOTOR-CAR LAMPS. 

Ever since the introduction of searchlights for bat- 
tleships and coast defense, attempts have been made 
from time to time to substitute metallic mirrors in 
place of glass ones, which are unsatisfactory, due to 
the fact of their being so readily broken by concus- 
sion when firing the guns, and that the silvering at the 
back of the mirror is very liabie to blister and leave 
the surface of the glass. 

The difficulty of making true parabolic mirrors has 
been overcome by the Cowper-Coles electrolytic pro- 
cess, which briefly consists of depositing by chemical 
means on the convex side of a glass former or mold 
a thin silver film, and then spinning the former in an 
electrolytic cell charged with copper anodes and a 
copper electrolyte, so as to deposit the copper on the 
silver surface, the process being continued until the 
silver film has reached a sufficient thickness of copper 
to give the desired rigidity to the finished mirror. 
The glass mold and the electro-deposit are then re- 
moved from the depositing cell and placed in a vessel 
containing cold water, the temperature of which is 
gradually raised until the expansion of the copper is 
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were sent to the South African war. Mr. Cowper- 
Coles is now introducing a new metallic mirror which 
is only partially made by electro-deposition. The mir- 
ror has a surface composed of alternate bands or 
rings of gold and white reflecting surfaces, which it 
is claimed give a more penetrating beam of light both 
at night and in foggy weather. 

Mr. Cowper-Coles is also introducing a lamp of sim. 
ple construction for motor cars and railway signals, 
fitted with a glass or metal parabolic mirror, coated 
with a yellow metal, which does away with the daz- 
zling effects inherent in silver mirrors, and yet shows 
up distinct objects more clearly; but, for military pur- 
poses, the dazzling effect can be retained, 

Objects on which a beam is projected by the Cow- 
per-Coles mirror stand out in greater relief than in a 
light thrown from a silver white-metal mirror, and 
the intensity of the light is so great that it is im- 
possible to aim accurately at the projector. Another 
great advantage of the new mirrors is that they are not 
fractured by concussion, and even when penetrated 
by bullets the area of distortion is very smal].—Practi- 
cal Engineer. 


WILL ARTIFICIAL SYNTHESIS EVER 
SUPPLY THE WORLD WITH FOOD? 

Tue advance in the price of bread recently, due to 
financial operations which no one can approve, re- 
vives in the minds of chemists the possibilities of 
synthesis when applied to food production. It must 
be admitted that triumphant as are the very numerous 
synthetic processes which have been devised by chem- 
ists, yet very few of these relate to the building up 
of food materials from their elements. It is true the 
sugars have been so fashioned, but how long, labort- 
ous, and expensive does the process prove! The most 
vital constituent of food, the nitrogenoys portion, or 
protein, is a building yet uncompleted by man’s effort, 
although excellent foundations have been laid by the 
masterly ‘work of Fischer. The simple adjustment 
of materials in the plant which furnish the important 
starchy foods is understood to some extent, but no 
man has been able to imitate it successfully, albeit 
carbon, hydrogen, and oxygen surround him on every 
hand. Bricks there are everywhere, but he cannot 
group them. Yet another important factor in diet is 
fat, but no chemist has dreamed of a mill which will 
serve out fat on an intake of grass. The fact is, 
chemistry succeeds better in the work of destruction 
than in the work of construction, and analysis must 
necessarily precede synthesis, so that composition and 
constitution must first be learned. The forces which 
determine this composition and constitution are the 
crux of the whole question, and this is where man is 
beaten. His food so far can only be produced through 
the natural synthetic mediums, the plant and the ani- 
mal; agriculture is a practical matter, but the artificial 
synthetic factory is not. Will it ever be? There are 
not a few eminent scientific men who predict with 
confidence that the world’s supply of food (it may be 
at a distant day) will be produced abundantly and 
constantly by humanly devised processes which will 
place questions of quantity on more certain bases than 
agriculture can promise to do. It is difficult not to be 
skeptical about such a contemplated consummation of 
man’s ingenuity, and certainly much of the joy and 
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sufficient to cause the metallic mirror to leave the 
glass former. The silver-faced mirror thus produced 
has as highly-polished a surface as glass. It is finally 
subjected to an after-treatment to prevent the silver 
from tarnishing, and is then mounted in a metallic 
ring (which fits in the projector case) provided with 
knife edges, which firmly grip the mirror without dis- 
torting it. A number of mirrors made by this process 
have been supplied to the War Office, some of which 


romance of the world would be taken out of it if the 
rearing of plants and animals ceased to be a necessity 
of its existence. Still, the triumph which would im- 
ply that albumen, starch, sugar, and fat could be 
fashioned out of the mineral elements, carbon, hydro- 
gen, nitrogen, oxygen. sulphur, and phosphorus, is not 
beyond the bounds of imagination, only we must not 
wait for it to put an end to the “cornering” of the peo, 
ple’s food.—Lancet. 
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REFINED ASTRONOMICAL RESEARCHES. 


WITH A SIMPLE EXPLANATION OF DOPPLER’S PRINCIPLE. 


BY EDGAR L. LARKIN, DIRECTOR OF THE LOWE OBSERVATORY, CALIFORNIA. 


Ir the mighty Newton, returning, could use a late 
type of telespectro camera, or spectrograph, he would 
be filled with wonder at the results obtained in these 
latter days with his early experiments on light. The 
physicists of the last century would scarcely believe 
their eyes when looking at a bolometer, to see it 
measure the one-millionth of a degree of heat. 

The writer can scarcely recall any discovery greater 
or more remarkable than that of binary suns by means 
of telespectroscopes. The refinement of the manipula- 
tion is extreme. The powers of the astro-physicist, 
watching night after night the tiny rays of light as 
they come streaming into the slit of the spectroscope, 
are taxed to their limit. The post of a telespectro- 
scopist is hard to fill.‘ The photography of the incred- 
ibly delicate lines in stellar spectra requires the ut- 
most skill, patience, and care. 

The most powerful telescope ever made may be set 
on a close spectroscopic binary, or double star, and not 
be able to see the two. Even with high-power eye- 
pieces they look like one point, so near are they to 
each other. But the powerful spectroscopes are able 
te resolve the one point into two; and not only this, 
but to detect motions of the two suns around their 
gravitation center. The times-of revolution can be 
observed, and when the distant suns have a sensible 
parallax, the distance between them can be determined 
in miles. With time and distance known, velocities 
in their orbits follow at once. Then with velocity and 
distance the mass of both can be computed; that is, 
both suns can be “weighed” in terms of the mass of 
our sun. For it is known from the laws of gravity 
and motion how much matter is required at any given 
distance, and velocity, to set up centrifugal tendency 
equal and opposite to gravitation. All these marvels 
of finding velocities of spectroscopic binaries are based 
on Doppler’s principle, a discovery in the nature of 
light. The mathematical formule are given by Prof. 
Charles A. Young, “General Astronomy,” p. 202. In 
the entire range of science there are but few things 
more beautiful or refined. Doppler’s principle is that 
of an apparent shortening and lengthening of waves 
of light. The effect is as though light waves were 
actually made longer or shorter. Suppose a person 
could approach a sounding piano wire at great speed. 
The sound would rise to a higher key note as he 
drew nearer. Sound waves would enter the ear in 
increased numbers, and raise the pitch of the tone. 
And the key would be lowered if the distance between 
the ear and wire should rapidly increase. Doppler’s 
law can be demonstrated by standing near a railway 
when a fast express is approaching. If the bell rings 
or whistle sounds, their keynotes will rapidly rise and 
as rapidly fall when the train passes and recedes. 
Colors in light correspond with pitch in tone. Simi- 
lar effects obtain in waves of light, if their source 
approaches or retreats. Spectroscopes detect these 
changes in light, while a telescope alone cannot. This 
is because the prism or grating in a spectroscope sepa- 
rates waves of light, and distributes them in their 
proper positions along the spectrum. 

An attempt is here made to explain Doppler’s laws. 
In Diagram I., Fig. 1, A is a ray of light from the star 
S, falling on the side of the prism, P, which has the 
property of separating any mixture of light into sepa- 
rate waves. Light from the sun or stars is made up 
of a vast number of colors, all appearing between the 
limits red and violet. Had the pencil, A, not en- 
countered the glass, it would have passed to B. But 
the prism separates the white light into colors which 
can be projected on any white surface. The red is in- 
variably bent out of its original direction the least, 
violet most, and will respectively pass. to R and V, 
with every other color between. The shorter the 
waves, the greater their deflection from a straight 
course. Red waves run 33,000 to an ifch and violet 
64,000. An eye at E would see all the colors between 
R and V direct, and at H by deflection, if a screen is 
allowed to receive the light from R to V. Solar and 
stellar spectra are crossed at right angles by black 
Fraunhofer lines. Take any one, say F, anywhere in 
the spectrum and measure its position with a mi- 
crometer. Then the eye, either at 2 or H, would see 
a spectrum as outlined in Diagram I., Fig. 2, extend- 
ing like R, 1, F, 2, V. Now let the prism move at 
great speed, such as that due to the velocity of the 
earth in space, toward the star, or the star move to- 
ward the earth. Then the line F will move to 2, or 
toward the violet end. But if the earth and star move 
in opposite directions, the line F will move to 1, or 
toward the red. Mathematicians have found out how 


fast the prism must move to cause a Fraunhofer line 
to shift laterally any given distance. This is one of 
the greatest discoveries ever made. If a star is com- 
ing on a straight line toward the earth, moving to- 
ward or away from it, the velocity in miles per second 
can be determined in either case. For if more than 
the normal number of waves of light are forced 
through the prism, they will seem to be shorter and 
therefore bent farther out of their course toward 2; 
and toward 1 if less waves come streaming in. The 
telescope, without a prism attached, could not tell 
whether these stars were at rest or in motion. But 


Diagram No, 1.—The pencil of light, A, coming from the 
star, S, would pass to B if the prism P were removed. The 
glass separates the stellar light into all the colors it may 
contain. The red rays are bent to R and the violet to V, 
forming with the colors between the spectrum of the star. 


if any star moves so that it makes an angle with the 
straight line from the earth to it, then the micrometer 
in the eye-piece of the telescope can measure the dis- 
placement. Such movements are called proper mo- 
tions, while motions toward or from the earth in a 
straight line are called motions in the line of sight. 
There is not a “fixed star” in existence. Every one 
is a hot sun in rapid motion. The great astro-physical 
observatories, notably the Lick and Yerkes in the 
United States, and of Potsdam in Germany and Green- 
wich in England, have made extensive explorations in 
the line of sight. Here is a table giving a few stars 
selected almost at random. 


MOTIONS OF STARS IN THE LINE OF SIGHT, 


Miles Miles 
Names of Stars per Names of Stars per 
Approaching. Second. Receding. Second 
Alpha Arietis....... -. 12 Aldebaran ...... 31 
Gamma Leonis........ 25 Betelgeuse ............ 18 
24 Capella ....... 30 
12 Alpha Corone......... 20 
5 Epsilon Hydre........ 30 
Beta Herculis......... 30 


These are all colossal suns. Their speeds are great; 
for one cannot realize what a velocity of one mile per 
second—sixty times faster than a fast train of cars 


Diagram No. 2. A Binary.—In this cut 8 ts the place of 
the more massive sun, far and away to one side of the 
center of the orbit. The orbit and four portions of the 
revolving sun are represented by A, C, P, G. The two parallel 
lines C 2 and G F point toward the earth. When the moving 
sun is at C, coming toward the earth, the line L will shift 
to 2 in Cut No. 1; and when at G, going away from the 
earth, the line L will move to 1, toward the red. 


“here on earth”’—really is. Our star, the sun, moves 
about 12.5 miles per second, and drags us along with 
it, keeping exact time and distance. There is no dan- 
ger of the earth being left in the rear to freeze in the 
solitudes of interminable space at the absolute zero. 
When two suns revolve in regular orbits around 
their common center of gravity, they are known as 
binary stars. Many binary systems were discovered 
with telescopes before spectroscopes were attached to 
them. The great triumph of the spectroscope is that 
its serviceability is far greater than that of the un- 


aided telescope, owing to its ability to analyze the 
light brought into it by the great object glass. The 
Doppler principle applied to the discovery of binaries 
is shown in Diagram II., where S is a sun, far and 
away to one side of the center of the orbit of its com. 
panion, as shown in four positions A, C, P, G. Few 
systems have circular orbits, and the eccentricity igs 
very great in a majority. As seen from the earth 
when at G, the flying sun will send fewer waves per 
second into the spectroscope, and the Fraunhofer |ines 
will shift toward the red, in Diagram I., Fig. 2. The 
point A is apastron, and P periastron. The velocity 
of the revolving sun at P in its orbit is enormous; 
while the light and heat of S are intolerable to the 
people on any planet revolving around the sun P, 
For if either sun has-a retinue of worlds like the 
earth, with inhabitants, their changes of climate are 
extreme. While the flying sun is moving fron A 
through C and around to P, Diagram II., the huge 
sun S rapidly increases its apparent diameter, and also 
its light and heat. After passing C in the direc'ion 
of the arrows, S must look like a blazing globe in 
skies of incandescent brass. In the revolution of a 
planet around either sun it would move in between 
them. There would be no night. The world and its 
people would be between two white-hot suns. Life 
would expire; but if by chance a few of the inhabit- 
ants survive the passage through P, they would freeze 
when their sun reached the distant point A. There 
fore all binaries having great eccentricity of or)its 
are utterly worthless for support of life on their 
planets if they have any. All planets are invisible from 
space, whence it follows that the inhabitants of stellar 
spaces have not heard of the earth yet. Kepler found 
that the “squares of the times of revolutions of all 
the planets around the sun are as the cubes of their 
mean distances from it.” Let us try this law on a 
binary. The mass of our sun, the earth’s distance 
from it, and the time of its orbital revolution, ech 
is equal to 1. And the square and cube of 1 exch 
equals 1. Our nearest neighboring sun is Alpha Cen- 
tauri and is a binary. The revolving sun is at a dis- 
tance from its central sun of 21.33; the time required 
to make a revolution is 81, and knowing these values, 
both can be “weighed.” The cube of 21.33 =9,664, 
and the square of 816,561. Therefore, the quantity 
of matter in both suns is to the quantity in our sun 
and earth as the ratio of this cube and square. And 
9,664 + 6,561 = 1.5; so the binary is one and one-half 
times more massive than the masses of the sun and 
earth combined. 

But the distance of the revolving sun from the 
larger, 21.33, was employed. This 21.33, to reduce to 
miles, must be multiplied by 93,000,000, the distance 
of the earth from the sun. But suppose we do not 
know the distance from the earth to the two stars, 
and therefore do not know their distance apart. How 
proceed to find the mass of the distant binary? No 
great achievement has been wrought that will compare 
with the abstruse problem of finding the quantity of 
matter in a binary system without knowing its (is- 
tance. Surely this is beyond the power of man! No; 
Doppler’s laws of light enable mathematicians actually 
to solve this mighty problem of all time. Lateral dis- 
placements of the Fraunhofer lines, as in Diagram L, 
Fig. 2, have a fixed ratio to velocities of approach and 
recession. Suppose an astro-physicist on this speck 
of dust, the earth, far away in the direction of the 
arrows, say 100 or 200 trillion miles—it makes no dif- 
ference which, provided light from the stars reaclies 
the earth in quantity sufficient to form a spectrum 
whose lines can be measured—wishes to find how 
much matter the two suns in Diagram II. contain. He 
sets the telespectroscope on the pair, night after night, 
and measures with extreme accuracy the shifting of 
the lines, now toward the red and then the violet 
(Diagram I., Fig. 2). He ‘does not see the stars in the 
instrument, but their spectra only—tiny, delicate, and 
beautiful bands made up of a few colors and black 
lines. But he watches the lines with great care when 
the moving sun is at C and G, and measures their (is 
placement with the micrometer. By repeated observa- 
tion, he finally learns a thing of vast import, the speed 
of the sun’s revolution in its orbit. And this entirely 
by means of the known relation between shifting of 
spectral lines and the speeds of the flying sun at times 
of approach and recession. And by direct observa- 
tion he notes the time of one revolution. He multi- 
plies velocities per second by the number of seconds, 
and thus finds the circumference and radius of the 
orbit. He at once knows how many times farther 
apart the two suns are than our sun and earth. Thea 
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it becomes simple arithmetic to apply Kepler’s law 
and find mass. 
DESCRIPTION OF SEVERAL BINARIES. 

Of such extreme delicacy is the iaodern telescope 
end spectrograph, that slight displacements can be 
detected. Thus, suns are known to move one way and 
then the other under the attraction of vast dark, in- 
yisible masses. Prof. W. W. Campbell, of the Lick 
Observatory, detected two bright suns making revolu- 
tion, while the orbits were disturbed by a third but 
unseen body. The bright suns revolve in a period of 
gd. 23h. 15 m.; and the entire system is called Polaris, 
our present north polar star. For centuries telescop- 
jsts thought Polaris to be one star. It is rushing to- 
ward our sun and earth with a velocity of about 15 
miles per second. In August, 1899, the bright star 
Capella was discovered by Prof. W. W. Campbell to be 
a binary from photographs of its spectrum. 

The range in velocities of the revolving suns is from 
4 to 56 kilometers per second for fhe more massive, 
and from 3 to 63 kilometers for the secondary. The 
period of revolution is 104 days, while the speed of 
the center of mass of the system is 30 kilometers per 
second, a velocity almost precisely that of the earth 
on its orbit around the sun. A wide range exists in 
periodic times, velocities of revolution around each 
other, and through space, of the known binaries. 
Many of these, having moderate eccentricities of orbits, 
if surrounded by habitable worlds would present vary- 
ing scenes of splendor to any rational inhabitants; 
for a number are of different colors and temperatures. 
Skies would vary in color with the particular sun that 
mivht be above the horizon while “sunset glows” 
would change colors also with succeeding suns. 


SPECTROSCOPIC BINARIES. 


Periods Orbital Velocities, 
Names. in Days, Miles per Second. 

1.57 
1.91 44.5 

3.12 190 
3.98 75 

4.01 57 
5.37 13 
ere 7.18 13.4 
Zeia Geminorum ......... 14.15 8.2 
10.20 30 
Lambda Andromedz ..... 20.00 5 
104.00 18 

Beta Herculis 412.00 8 

Beta Capricornii ........ 1,000.00 


This table shows a range of from forty-five hours to 
three years. The list might be greatly extended, with 
ever-increasing sublimity and grandeur. 


PETROLEUM SOAPS. 

ALTHOUGH mineral oils differ greatly in chemical 
character from animal and vegetable oils and do not 
readily combine with other substances, attempts have 
been made to utilize them in the manufacture of soap 
and some interesting results have been obtained. 
The soaps produced are of three kinds: mixed soaps, 
naphthenic acid soaps, and hydrocarbon soaps. 

Mixed Soaps.—After the failure of many attempts 
to saponify mineral oils, directly or indirectly, with 
the aid of the most powerful chemical agents, mixtures 
of petroleum and fats were treated with alkalies by 
various processes, or petroleum was added after sa- 
ponification of the fat, the formation of an emulsion 
being facilitated by adding a little rosin. Until a few 
years ago the largest proportion of petroleum thus 
incorporated with soap was only 15 per cent. Lotham- 
mer and Troquenet have recently increased the pro- 
portion to 40 per cent or more by first emulsifying a 
heavy petroleum oil with extract of soap bark. The 
mixture, which has the consistency of butter, is then 
mixed with palm oil and heated several hours before 
the soda lye is added. These mixed soaps are mere 
emulsions of soap with petroleum. The mineral oil 
adis nothing to their detergent power but it does not 
injure the textile fibers, and makes it possible to 
use very hard water and facilitates some operations. 

Naphthenic Acid Soaps.—Naphthenic acids are 
found in proportions of %4 to 1 per cent in the heavy 
oils obtained from Russian petroleum. Their boiling 
points range from 480 to 700 deg. F. They are ob- 
tained in large quantities by the action of mineral 
acids on the lye with which petroleum has been 
washed in the refining process. The mixture of crude 
Naphthenic acids thus obtained is a very dark-colored 
mobile liquid of specific gravity 0.965, which distills 
Without much decomposition at temperatures below 
680 deg. F., and combines readily with alkalies, form- 
ing a soft soap. A hard, compact soap is produced by 
Saponifying a mixture of 3 parts of naphthenic acids 
and 1 part of palm oil or animal fat. The soap-making 
Process is necessarily modified by the remarkable solu- 
bility of alkaline naphthenic soap in salt water. 

Naphthenic soap is already used extensively in Rus- 


sia; although its employment is limited by its disa- 
greeable odor, which it appears impossible to remove. 
On the other hand, it is a valuable disinfectant, as the 
naphthenic acids have been proved to exert a power- 
ful germicidal action. They may advantageously be 
added in proportions of 3 to 5 per cent instead of car- 
bolic acid or creosote, to ordinary hard olein soaps. 
A stronger disinfectant is made by mixing one part 
of the acids with 4 parts of soft potash soap. 
Hydrocarbon Soaps.—Zelnisky has succeeded in con- 
verting the saturated hydrocarbons of naphtha into 
compounds capable of saponification. The experiments 
have not yet passed the laboratory stage but their im- 
portance makes them worthy of mention. The portion 
of petroleum which distills between 240 and 248 deg. F. 
is first converted into a mixture of the chlorinated 
compounds C,H,,Cl and C,H,,Cl. The action of mag- 
nesium on an ethereal solution of these compounds 
produces (C.H,,).Mg and (C,H,,).Mg, which are con- 
verted by the action of carbon dioxide into (C.H,,).Mg 
(CO,), and (C,H,,;).Mg(CO,),. The removal of the mag- 
nesium by mineral acids from these complex sub- 
stances leaves the compounds C,H,,COOH and C,H,,CO 
OH, which are chemically analogous to the fatty acids 
and capable of saponification in the ordinary manner. 


Correspondence. - 


TWO MAGIC SQUARES. 
To the Editor of Screntiric AMERICAN SUPPLEMENT: 

I have followed with interest your columns of “Curi- 
osities of Numbers,” and note that not many articles 
treat on magic squares, etc. Although the latter might 
better be called “Curious Arrangements of Numbers,” 
they are both treated as mathematical recreations, and 
are generally known under that head. 

If you can spare room in your columns, I think 
the following two magic squares will be of interest to 
many. 

The first is a square of 15* cells, composed of nine 
equal series of numbers, each series being 1, 2, 3, 4, 

25. They are arranged so that any row of fif- 
teen numbers, horizontally, vertically, or diagonally, 
will add to 195. 

The main feature of this square is that a square 
may be drawn anywhere within the main square that 
will inclose 25 numbers, and those numbers will be 
the series 1, 2,3, 4 . . . 25, arranged in a perfect 
magic square with its horizontals, verticals, and diago- 
nals each adding to 65. Two of such squares are 
shown in the illustration. 

Also, any square of 25 numbers, of the arrange- 
ment shown in heavy type, holds the same conditions 
mentioned above. 

The second is a square of 27* cells composed of the 
series 1, 2, 3, 4 729, arranged so that the 
horizontals, verticals, and diagonals each add to 9,855. 
Let this square be equally divided into nine smaller 
squares, and each will be a perfect square having its 
horizontals, verticals, and diagonals adding to equal 
amounts. Now, let each of these squares be divided 
into nine smaller squares, making a total of 81 squares 
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of nine numbers each; and each will be a_ perfect 
square with an equal sum for its horizontals, verticals, 
and diagonals. 

This square also contains hundreds of other magic 
squares, of which the following are a few: 


(a) 254, 299, 290, 317, 281, 245, 272, 263, and 308. 
(b) 254, 704, 128, 236, 362, 488, 596, 20, and 470 
(c) 578, 218, 290, 74, 362, 650, 434, 506, and 146. 
(d) 92, 542, 452, 722, 362, 2, 272, 182, and 632 
(e) 632, 232, 312, 72, 392, 712, 472, 552, and 152. 
(f) 416, 542, 128, 74, 362, 650, 596, 182, and 308. 
(g) 191, 241, 177, 189, 203, 217, 229, 165, and 215. 


(h) 254, 259, 258, 261, 257, 253, 256, 255, and 260. 

In the large square and in any magic square found 
in the large square, the sum of any pair of numbers 
directly opposite and equidistant from the center num- 
ber, is equal to twice the center number, as: 

In the square (a) 317 + 245 or 254+ 308=—2 & 281. 

In the square (c) 218 + 506 or 290 + 434—2 x 3862. 

In the square (g) 191 + 215 or 189 + 217 =2 x 203. 

The squares (d) and (e) possess another curiosity; 
that is, each of their numbers has 2 for its unit 
figure. There are no less than eighteen squares of 
this nature contained in the large square. 

With a little study, the methods of construction of 
the two foregoing squares are easily detected. 


Schenectady, N. Y Harry A, Sayers. 


The quantity of mineral matter in India rubber can 
be determined as follows: The specimen is first ex- 
tracted with acetone. One part of the residue is im- 
mersed in about 50 parts of xylol in a stoppered glass 
vessel which is placed in an autoclave containing 
xylol. The temperature is raised gradually so that 
the pressure rises to 15 atmospheres in about half an 
hour. The heating is continued under a pressure of 
15 to 18 atmospheres for three or four hours, and the 
autoclave is allowed to cool before it is opened. The 
solution in the glass vessel is then diluted with an 
equal volume of ether and filtered through weighed 
filter paper, which, with the precipitate, is washed 
with ether, dried, and again weighed. 
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THE TECHNIQUE OF DESICCATION. 


THE ARTIFICIAL DRYING OF AGRICULTURAL PRODUCTS AND WASTES. 


Drying is the oldest and best method of preserving 
vegetable substances, but until recently it was applied 
only to a few agricultural products, particularly to 
grass, clover, grain, and straw, and, to a limited ex- 
tent, to fruit, and was effected solely by exposure to 
the sun and air. Now, however, the farmer has at 


LONGITUDINAL SECTION, 


BY O. BECHSTEIN. 


times amounts to 50 per cent. Of the 6 million tons 
of pressed beet chips annually produced in Germany, 
three-fourths went into the silo. With an average 
loss of 30 per cent and an average value of $1 per 
ton, the annual money loss due to fermentation con- 
siderably exceeded one million dollars. The cost of 


TRANSVERSE SKCTION, 


Fias, 1 AND 2.—RBUETTNER AND MEYER APPARATUS FOR DRYING SPENT 
BEET CHIPS. 


his disposal a variety of methods and apparatus for 
the artificial drying of all crops and the conversion 
of waste products into useful and marketable com- 
modities that can be kept indefinitely. 

In 1884, the German association of beet sugar manu- 
facturers offered a prize of 15,000 marks for the best 
method of drying spent beets. In the usual diffu- 
sion process the beets are cut into chips and mace- 
trated in hot water, which extracts the sugar but not 


Sef te 
Fie. 3.—PLAN OF BUETTNER UNIVERSAL 
DRY»R. 
Schiittelrinne = chute. Transporteur = conveyor. Trommel = drying 
cylinder, Auszichschnecke = conveyor, Trockenelevator = conveyor, 


the albuminoids and other nutritious constituents. 
But the spent chips, even after they have been pressed, 
contain 85 to 90 per cent of water. In this condition 
they are sold as cattle feed, but they are apt to cause 
serious disease when given in large quantities. They 
are still more unwholesome after they have been kept 
in silos, an expedient made necessary by their rapid 
accumulation in the short season of sugar making, 
and the loss by fermentation and decomposition some- 


Fie. 84,—VIEW OF BUETTNER UNIVERSAL 
DRYER, 


transporting fodder which is nine-tenths water is 
also very great in proportion to its food value. 

Yet in four successive years the prize was offered 
in vain. In 1888 it was awarded to Buettner and 
Meyer, for a process which has since been generally 
employed, and by which a perishable and unwhole- 
some material is converted into excellent fodder which 
can be transported to any distance. Thus sugar mak- 
ers and beet farmers have been benefited and imports 
of foodstuffs greatly diminished. 

The Buettner apparatus is shown in Figs. 1 and 2. 
Three superposed rows of cylinders (W) bearing longi- 


Fie. 4.—LONGITUDINAL VERTICAL SECTION. 


tudinal blades or shovels (C) rotate in a brick oven 
with a sheet iron front. Fig. 1 shows the belts and 
gearing which transmit power to the cylinders. Above 
the cylinders is a grate (R) on which fuel is burned. 
The combustion gases are drawn out of the oven by a 
blower (V) at the bottom, to reach which they are 
compelled to pass successively along the three series 
of cylinders. The wet beet chips are fed into orifices 
(£), at the level of the grate, by screws (7). They 
fall on the highest row of cylinders and are pushed 
along them to their farther ends, whence they fall 
on the second row, and so on. But, while the gen- 
eral course of the chips is everywhere parallel to that 
of the gases, they are continually being tossed up by 
the revolving shovels, so that they are thrown into 
intimate contact with the hot gases. At the bottom 
of the oven they fall on a screw (7,), which con- 
veys them to a chain pump (B), by which they are 
raised to a screw (T.), which drives them onward 
to a storage room. Air is admitted through the door 
of the ashpit (A) and special valves. The products 
of combustion, laden with moisture from the chips, 
pass from the blower (V) through a pipe (B) toa 
centrifugal dust separator (C) and thence to the 
chimney (K). The chips are driven along the hori- 
zontal cylinders entirely by the stream of gas into 
which they are continually tossed, for the shovels are 
so formed that they throw the chips rather backward 
than forward. Hence the drier chips, being lighter, 
are carried onward by the current, while the wetter 
chips lag behind until they also have become dry. 


Although the temperature of the gases is at least 
1,500 deg. F., the chips are not burned or even heated 
to the boiling point, owing to the cooling effect of the 
rapid evaporation, and consequently their digestibility 
is not impaired. It is this fact, which the inventors 
had observed in other drying apparatus, that makes 
the process profitable, by allowing the employment of 
a very high temperature, with resultant economy of 
heat. Nor are the chips contaminated in any way, 
as special devices are employed to insure complete 


Fie. 5.—TRANSVERSE VERTICAL SECTION. 


and smokeless combustion and to eliminate flying 
ash. Finally, there is no loss in dry weight, as all 
floating particles are collected by the centrifugal sepa 
rator and added to the product. 

In composition, the dried chips most nearly resem- 
ble good hay, but they may also be substituted for 
grain with advantage. The average digestibility of 
their protein is nearly 87 per cent, while that of the 
protein of beet chip ensilage is only 73 per cent. Ex. 
periments made in feeding them have been uniformly 
successful, and as the cost of the process is very small 
in comparison with the food value of the product the 
dried chips have rapidly come into favor as fodder 
for cattle, sheep, swine, and foals. More than 200 
sugar houses, in Germany and elsewhere, are now 
equipped with the Buettner apparatus. 

Another important by-product of the manufacture 
of sugar is molasses, which is also a valuable food- 
stuff, although inconvenient to transport or to feed 


a a a a 


Fie. 6.—PLAN. 


directly. In-1892 Wuestenhagen patented a process 
of spraying beet chips with hot molasses before they 
are dried. The “molasses chips” thus produced are 
easily stored and fed, are more nutritious than plain 
dried chips and have an appetizing odor resembling 
that of malt. 

The artificial drying of beet tops and leaves, which 
are cut off on the farm and of which 12% million 
tons are annually produced in Germany, is of much 
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more recent introduction. The tops and leaves are 
sometimes plowed under, but the practice is not ad- 
yisable as they have little fertilizing value and con- 
tain the germs of various diseases which are thus 
communicated to the succeeding crop. Although 
their dry substance is nutritious they are of little 
yalue as green fodder, as they are five-sixths water. 


Fie. 8.—PLAN. 


When the leaves are wilted and sun-dried in the field 
the cattle will not eat them freely, and when con- 
verted into ensilage they lose much of their food 
value and are neither well relished nor wholesome. 
The artificial drying of beet tops and leaves, on a 
large seale, was inaugurated in 1900, and each suc- 
ceeding year has witnessed an increase in the num- 
ber of drying plants and in the quantity of the new 
fodder produced. The Buettner universal drier was 
devised for drying beet leaves but, as its name im- 
plies, it is equally well adapted to the desiccation 
of all agricultural products and many other sub- 
stances. Fig. 3 shows the plan of the apparatus. 
From the storeroom (V) the leaves pass down a chute 
to a cutter (FR), whence a conveyor carries them to 
the mouth of the drying cylinder. Combustion gases, 
generated in the furnace O and mixed with air, enter 
the cylinder with the chopped leaves. The cylinder, 
which is turned slowly by the steam engine D, con- 
tains a series of partitions by which the leaves are 
kept in continual motion and brought into intimate 


Fie. 9.—VERTICAL SECTION. 


contact with the hot gases. Scorching and overheat- 
ing are prevented, as in the chip dryer, by rapid evapo- 
tation. From the farther end of the cylinder the 
dried leaves are removed by a screw conveyor, which 
tither pours them into bags or delivers them to an- 
tther conveyor, which forwards them to a storeroom. 
The gases are drawn through the cylinder by an ex- 
haust blower and escape through the chimney S, after 
traversing a centrifugal separator, which retains all 
floating particles of leaves. 

The apparatus is also made in portable forms, which, 
mounted on one or more vehicles, self-propelling or 
horse-drawn, can go from farm to farm, and even 
erate in the field, saving the cost of transporting 
the heavy, undried leaves. 

Beet leaves dried by this process are equal in food 
vaue to good meadow hay. They keep indefinitely, 


Re. 10.—UPPER PART OF BUETTNER BEET 
DRYER, SHOWING FURNACE AND 
CENTRIFUGAL SEPARATOR. 
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possess an agreeable odor and are greedily eaten by 
cattle. The cost of drying is small and the dried 
leaves never produce the disorders that are often 
caused by feeding beet leaves fresh or in the form of 
ensilage. 

On the farm, the usefulness of the universal drying 
apparatus is not limited to the beet harvest, but may 
be extended over a great part of the year and to many 
crops. It may be employed to advantage in curing 
fodder corn, lupine, vetches, and even clover and grass, 
in wet seasons and on wet land, or municipal sewage 
farms, for example. Mixed vetches, peas, and beans, 
sown after winter barley and cured by this process, 
furnish a fodder for work horses that is little infe- 
rior to oats. Thus the same land can be made to fur- 
nish two full crops of fodder in a year, but the second 
crop could not be cured without artificial drying. 

Chicory leaves, which in the fresh state are too bit- 
ter to be eaten readily by animals and are usually 
plowed under, may be converted by artificial drying 
into palatable and nutritious fodder. Very good fod- 
der can even be made in this way of’ potato tops. It 
has been estimated that $120,000,000 could be saved 
annually by drying all the beet leaves and potato tops 
produced in Germany. 

Dried beets, of course, are very nutritious and in 


Fie. 11.—LOWER PART OF BUETTNER BEET 
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seasons of abundance it is advisable to dry the excess 
rather than to put it into silos. The beets must be 
sliced or cut into small pieces before they are put into 
the drier. Even beets that have been apparently made 
worthless by freezing form a nutritious fodder after 
drying. In the curing of chicory root, which is com- 
monly performed in primitive kilns with great waste 
of fuel, a great saving is effected by the employment 
of modern apparatus, such as the Buettner universal 
dryer. 

Artificial drying is of very great value in grain cul- 
ture, in which the quality of the crop depends largely 
on weather conditions during harvest. Grain har- 
vested in wet weather soon acquires a musty odor 
that seriously affects its market value. Furthermore, 
the loss of weight during storage increases rapidly 
with the dampness of the grain. The loss through 
dampness, in Germany, has been estimated as $15, 
000,000 in 1899 (a comparatively dry year) and more 
than $60,000,000 in 1897. To these direct and known 


12.—PORTABLE UNIVERSAL DRYER, 
SMALL MODEL. 
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losses must be added the incalculable injury inflicted 
on the nation by the use of damaged grain as food. 
Now, all of these losses, direct and indirect, can be 
entirely avoided by the artificial drying of wet grain, 
and it may be predicted that within a few years many 
millions will be saved by the application of artificial 
drying to this field. E 

At present only a beginning has been made, but it 
is a brilliant one. Not only have large quantities of 
naturally wet grain been dried out with perfect suc- 
cess in the universal drier, but many cargoes of grain 
damaged in transit and containing up to 40 per cent 
of water, which would have been absolutely worthless 
without artificial drying, have been made available for 
various uses. This is a result of exceedingly great 
importance to the grain trade. The temperature of 
the gases can be so regulated that neither the bread 
making quality nor the germinating power of the 
grain is impaired. By the addition of a cooling cylin- 
der, through which the grain passes after leaving the 
drying cylinder, the grain is delivered in a condition 
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in which it can be stored with safety. The same pro- 
cess is obviously applicable to seeds of all kinds. 
Germany produces annually 43 million tons of pota- 
toes. Of this vast quantity 10% per cent, or 4%4 mil- 
lion tons, are lost by shrinkage, spreuting, decay, etc. 
Nearly all of this loss could be avoided by artificial 
drying, which would also greatly diminish the cost 
of storage and transportation and produce other eco- 


Fig. 13.—PORTABLE UNIVERSAL DRYER, 
LARGE MODEL. 


nomic advantages. Dried potatoes need only be soaked 
in water to furnish wholesome food of uniform qual- 
ity, while undried potatoes must be cooked, are sub- 
ject to decay and for this reason often cause disease. 
Experiments in feeding cattle and swine with dried 
potatoes have been very successful, and they may ad- 
vantageously replace a large part of the grain ration 
of horses. The addition of more concentrated food is 
not necessary with dried, as it is with fresh potatoes. 
As dried potatoes can be kept for years, artificial dry- 
ing on a large scale would equalize prices in good and 
bad seasons and throughout the world. 

Dried potatoes are perfectly well adapted for the 
manufacture of alcohol and compressed yeast, and 
they have been used with good results as human food 
in the army and navy and elsewhere. In the form of 
meal they are already used largely by bakers for mix- 
ing with German wheat flour, which does not bake well 
when used alone and had formerly been mixed with 
imported flour. Already potatoes are artificially dried 
in larger quantities than any other German agricul- 
tural product, except beets. 


BUETTNER ROLLER DRYER. 


There are two distinct types of apparatus for dry- 
ing potatoes, one employing hot air and combustion 
gases applied directly as in the apparatus described 
above, the other operated by steam. The products of 
the two processes differ greatly in appearance but are 
equal in digestibility, keeping qualities, and market 
value. In the first process the potatoes are cut into 
chips or slices about % inch thick, in the second they 
are steamed and rolled into flakes before drying. The 
dried flakes are very thin and fragile, pale yellow, and 
resemble wood shavings; the dried chips are nearly 
white. It has not been found practicable to dry whole 
potatoes. 

The chips yield a light-colored flour which swells 
little in cold water, as it contains unaltered starch, 
but swells greatly when heated with water. The whole 
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VIEW OF UNIVERSAL DRYER AS USED FOR 
DRYING POTATOES. 


’ | 
= 
plete —— = — 
x 
| 
] 
| cf — 
| 
| 
us - 
is 


$34 


dried chips swell even in cold water and assume 
nearly the size and form which they had before dry- 
ing. The dried flakes and the flour made from them 
swell rapidly in cold water, as their starch has been 
altered by the preliminary steaming. This difference 
im the character of the starch has no appreciable effect 
on the digestibility, though in general the chips are 
best adapted to large and adult animals and the flakes 
to small, young, and sickly ones. 

The Buettner universal drier requires only a change 
in the cutter and the addition of washing and clean- 
ing machines to adapt it to the drying of potatoes in 
chips or slices. Figs. 4, 5, and 6 show the plan and 
longitudinal and transverse vertical sections of a large 
potato drying plant of this character. The potatoes 
pass along the channel (b) to the washing machine 


THE BIOLOGY 


CHLOROPHYL AND 


Tnrrr is no need to emphasize the importance of the 
réle played by the green constituent of the leaves of 
plants, the so-called chlorophy!l. All the processes in- 
volved in the assimilation of carbon are, it appears, 
inevitably bound up with action of chlorophyl. It has 
long been known, on experimental evidence, that por- 
tions of the plant which are not colored green by 
chlorophyll are incapable of assisting in the assimila- 


tion process. As to the mode of action of this green 


substance, however, decisive experimental data are 
still wanting. Possibly chlorophyl fulfills only a sec- 
ondary function in the synthesis of the organic com- 
pounds in the plant, by conveying to the plasma the 
light energy absorbed in the green organs. For a 
proper understanding of the subject, it is necessary to 
call to mind some facts regarding localization of 


chlorophyll in the plant. It is attached to certain 
small protoplasm corpuscles (at any rate in vascular 
plants), the so-called chromatophores which are scat- 
tered through the protoplasm of the cells in the green 
parts of the plant. These chromatophores have the 
typical granular or frothy appearance of protoplasm 
in Yeneral, but are distinguished by the presence of 
very fine granules of fat impregnated with a green 
coloring body, chlorophyl. By means of suitable solv- 
ents, such as alcohol, the chlorophyll can be extracted 
from the plant. It has been shown to be made up of 
two constituents, one, so-called cyanophyl, of bluish- 
green color, the other, xanthophyl, yellow. These, 
mixed in varying proportions in different plants, give 
rise to the different shades of foliage. 

The question has been raised whether chlorophyl is 
an indispensable agent for carbon assimilation in all 
plants. Fungi and bacteria, in so far as they may be 
reckoned among plants, do not enter into considera- 
tion, since they take up ready-formed organic matter 
into their systems. As for brown and red algz, they 
too possess chlorophyl, which, however, is masked by 
other pigments. It seems now very probable that in 
such cases the chlorophyll does not alone fulfill the 
function of absorbing light, but shares it with the 
other pigments. Hans Molisch has endeavored to show 
that in brown algex, diatoms, and the orchid Noettia 
nidus avis (bird’s nest orchid) we have, not a case of 
masking of the chlorophyl, but an actual absence of 
this body, whose place is taken by a brown pigment, 
so-called phaeophyl. This latter readily passes into 
chlorophyl by a chemical transformation, 

The fact that the chromatophores have a coloration 
other than green in brown and red alge and the cyano- 
phycee (bluish-green alge) naturally throws consider- 
able doubt on the supposition that the green pigment 
is indispensable for plant life. In this connection the 
observations of Th. W. Engelmann are of interest. 
Some sixteen years ago this physiologist carried out 
an investigation on the relation between light absorp- 
tion and assimilation, and summarized his results in 
the law: “The light which is mainly active in assimi- 
lation is that complementary to the color of the 
plant.” He furthermore showed that in the case of the 
Rhodophycee green light is the principal agent. These 
red alge grow in the sea at greater depths than any 
other non-parasitic plant. Says Engelmann: 

“Even within but a short distance from the surface 
the green and greenish-blue rays have a much greater 
relative (though smaller absolute) intensity than they 
had in the original incident light, while the red and 
yellow rays are correspondingly much reduced in in- 
tensity. Since these last and the red rays are the most 
active in furthering assimilation in green cells, and 
the green rays are least effective, green plants must be 
at a disadvantage, even at relatively small depths, 
as compared with red cells, in which the green rays 
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(r) and the stone and grit separator (c). They are 
then carried by the screw (1) and the inclined con- 
veyor (f) to the cutter (t) over the drying cylinder 
(h). The fresh chips reach the cylinder by means of 
the conveyor (g) and the dried chips emerge from 
the other end, at (k). 

The dried potato flakes are produced by the Buett- 
ner roller drier (Figs. 7, 8, and 9). From the wash- 
ing machine (A) the potatoes go, by means of the 
conveyor (B) and shaft (C) to the storeroom (D). 
The cleaned potatoes are fed, from time to time, into 
the steamer (2), where they are steamed for %4 or % 
hour and then discharged into the hopper (F), where 
a revolving stirrer breaks them up and feeds them to 
the rollers (W), which are filled’ with steam at a 
pressure of 5 or 6 atmospheres. Here the potatoes 


THE RELATION OF GREEN 
BY GUENTHER SCHMID. 


are the most energetic in furthering assimilation.” 

Along another line the investigation was pushed by 
N. Gaidukow, who attacked the problem, whéther it 
was possible to convert one kind of alga into another, 
on the basis of Engelmann’s law. He exposed a number 
of different cyanophyceew to rays from separate por- 
tions of the spectrum, and succeeded in thus causing 
these alge to assume a reddish color under green il- 
lumination, a brownish color under the influence of 
blue light, and a green color in red light. In other 
words, the plants adapted their color to the light under 
which they were placed, and assumed a complementary 
hue. 

From the study of the assimilating action of chloro- 
phy! in low plant.forms, it was natural to pass to the 
investigation of higher types on land and in shallow 
water. This matter is treated by Ernst Stahl of Jena 
in his recent work, “The Biology of Chlorophyll.” 
The question at issue is this: What is the reason for 
the green color of the plant organs in which carbon di- 
oxide is decomposed under the action of light? Such 
a question has hitherto been regarded as not worth 
discussing. The green color of chlorophyl was ac- 
cepted as a fact. 

Supposing that there were some relation between the 
green color of leaves and illumination, then the first 
step to take was to determine what constituents were 
predominant in sunlight after reflection and partial 
absorption by the atmosphere. Stahl points out that 
in the course of the day the sky shows principally blue 
and red. A pronounced green color never occurs. Ac- 
cording to the researches of Lord Rayleigh and Abney, 
daylight after passage through the atmosphere con- 
sists of diffused and direct sunlight. In the diffused 
(i. e., irregularly reflected) light blue and violet rays 
predominate very largely—as in the blue light from 
the sky—while in direct sunlight red and yellow rays 
are the chief constituents. Plants are therefore ex- 
posed principally to blue, red, and yellow rays. It 
may appear at first sight that Engelmann’s theory did 
not apply in this case. In point of fact, however, 
chlorophyl does absorb only these particular rays, 
and transmits the green practically untouched. If sun- 
light which has passed through chlorophyl is exam- 
ined with a spectroscope, practically only the green is 
visible, and there is more or less complete extinction 
in the red, yellow, blue, and violet. Incidentally it is 
a remarkable fact that the extreme visible red and 
ultra-red are not absorbed, but pass through without 
being utilized. Now Engelmann has shown that it is 
just in the red and blue that the maximum assimilat- 
ing effect occurs. 

Now it might be asked why foliage is not black, in 
which case it would be able to utilize the entire scope 
of the sun’s radiation.- For we can hardly suppose 
that the transmitted portion of the spectrum is quite 
incapable of assisting in the assimilation of carbon. 
We must conclude that there must be some cogent 
reason why the plants select the rays mentioned above 
to carry on the decomposition of carbon dioxide. 
Under different circumstances, as in the case of the 
red algz, absorption of the green rays also might have 
been possible. In any case, black chlorophyl would 
be capable of utilizing even the most subdued light. 
We must, however, not leave out of account the ther- 
mal effects; it must be borne in mind that the organ- 
ism can stand only a certain limited degree of heat- 
ing, which, if surpassed, causes the death of the plant. 
This source of danger, as Stahl has shown, is more 
imminent than is commonly supposed. Even alge, 
although completely immersed in water, may rapidly 
be killed by overheating if exposed to intense illumi- 
nation. This danger of destruction by the thermal 
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are rolled into a thin sheet which, adhering to the 
hot rollers, is quickly dried and is finally removed by 
the scrapers (M) after remaining in contact with 
the rollers during three-quarters of a revolution. The 
irregular fragments thus produced fall into hoppers 
which contain mechanism that reduces them to uni 
form flakes, ventilates and cools them, and delivers 
them to the conveyor (H), by which and other convey. 
ors they are carried either to a storeroom or to a mil] 
where they are converted into flour. 

This apparatus is well adapted to the desiccation of 
other substances, especially those of liquid or pasty 
form, such as milk, yeast, crushed fruit, blood, and 
the waste products of distilleries and starch factories, 
—Translated for the Screntiric AMERICAN SUPPLEMENT 
from Prometheus. 


OF CHLOROPHYL 


PLANTS TO LIGHT. 


effect would be much greater if the principal heating 
constituent of light—the ultra-red rays—were also ab- 
sorbed by the chlorophyll. It will therefore be scen 
how closely plants have adapted themselves to normal 
conditions, so as to protect the green organs from 0\ er- 
heating, and at the same time to enable them to utilize 
to the fullest possible extent even very weak light. 
If chlorophyl were capable of absorbing green licht 
also, this would only cause injury to the plant. lor 
in subdued light there would be no appreciable gain, 
while in bright sunlight greater absorption would in- 
deed take place, but also greater heating, which the 
plant is at such pains to avoid. 

If it is a fact that overheating is a danger to which 
plants are constantly exposed, and that chloropliyl 
itself is adjusted to a certain normal illumination, 
then we must expect that the living organism, with 
its capacity for adaptation, will have developed some 
protective characters against this, as against «any 
other harmful agencies. In this connection we call 
to mind J. Wiesner’s observation of leaves turning 
their edge toward the direction of the maximum in- 
tensity of diffused light (Der Lichtgenuss der Pflanzen, 
Leipzig, 1907); further, certain other movements of 
plant organs which have been known for some time 
and whose purpose is a proper control of light and 
heat. 

It has been shown that water plants, and those 
growing in shady places, assume a lighter color if ex- 
posed to bright sunlight. In fact, this action is so 
pronounced that a photographic copy of an opaque 
object can be made on a leaf, just as on a sensitized 
paper or plate, the portions protected from the sun 
retaining their dark color. Stahl! has investigated the 
processes involved, and has found that the effect is 
due to a rearrangement of the chlorophyl corpuscles. 
In complete darkness, as at night, the chromatophores 
are distributed irregularly on all the cell walls. In 
diffused light the chromatophore plates turn their flat 
side to the light, so as to get the full benefit of the 
light. In direct sunlight, however, the plates assume 
the “profile” position, turning their edge to the 
light. 

These experiments can be readily carried out for cx- 
ample with leaves of the elder tree. Hitherto this re 
arrangement of the chlorophyl bodies was regarded 
as a protection against a destructive action of light 
upon the chlorophyll. Stahl thinks that it is rather 
a safeguard against overheating. Another phenom- 
enon which, according to Stahl, depends on the rela- 
tion of plants to absorption and reflection of heat is 
the gradation of tints at different seasons and in dif- 
ferent species. Thus plarffS growing in dry, sunny 
places have chlorophyl of a light color. For then it 
is essential to absorb as little heat as possible under 
the conditions to which they are adapted, and to give 
up only a minimum of moisture. On the other hand, 
plants growing in deep, moist humus, such as boxwood, 
ivy, evergreen, are colored deep green. The researclies 
on these interesting problems are far from being con- 
cluded, but will require further extension and modifi- 
cation. 

We have so far, in our discussion, paid little attcn- 
tion to the chemical composition of chlorophyll. As 
matter of fact, until recently there was practically no 
positive knowledge regarding the nature of this color- 
ing matter. Even at the present day the question can- 
not be regarded as finally settled. It is true that the 
chemists Willstitter and Mieg have made valuable 
contributions to our knowledge by their investiga 
tions. They determined that the crude chlorophy! is 


not one individual substance, but is composed of 4 
number of different pigments, among which are chloro 
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phy! proper, carrotin, and xanthophyl, or rather the 
santhophyls. Carrotin is the pigment found in the 
carrot and in red leaves. To this the hydrocarbon 
formula C,H, was given by Arnaud in 1886. Now 
Willstatter and Mieg regard xanthophyl as an oxide of 
carrotin, with the formula C,H,,0. The crystallizable 
green constituent of chlorophyll is most nearly repre- 
sented by the formula C,.H,.O,N,Mg. In addition to 
this there is an amorphous green substance, which 
could not be analyzed quantitatively. Qualitative 
tests, however, showed that it also contained no trace 
of iron. This fact is very remarkable, as iron is in- 
dispensable for the development of the green color in 
plants; in its absence a morbid condition arises, so- 
called etiolation, in which the plant blanches. 

On the basis of these chemical facts Stahl attacked 
the problem of the biological interpretation of certain 
processes in the life of a plant; the disappearance of 
the chlorophyl before the autumn shedding of leaves, 
and in the condition of etiolation. In a series of new 
experiments he established the fact, in confirmation 
of previous results, that the green constituent of 
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chlorophyl migrates in autumn through the leaf stalk, 
in altered form, into special organs which serve as 
storehouses. Only the xanthophy] remains in the leaf. 
From the chemistry of chlorophyl this simply means 
that the plant reabsorbs the valuable constituents con- 
taining nitrogen and magnesium, while it throws off 
the xanthophyls, which can at any time be readily 
regenerated from the atmosphere and water. A some- 
what similar state of affairs occurs when a plant grows 
in the dark. It is a familiar observation that under 
these conditions the plant produces no leaves, but 
grows a greatly elongated stem. At the same time 
the chlorophyl disappears, leaving only the xantho- 
phyl; the plant blanches or etiolates. We must not 
regard this etiolation so much as a disease, Stahl 
points out, but as a natural process of importance to a 
seed germinating under the soil. If it happens to be 
somewhat deeply buried, it must evidently strain all 
its powers to bring the organs of assimilation, the 
leaves, to the surface. At the same time the absence 
of chlorophyl under these conditions is readily intelli- 
gible, for in the absence of light that substance would 


COAL BEDS AND THEIR COMP 


BY DR. H. FOSTER BAIN, DIRECTOR ILLINOIS STATE 


COAL-BEARING rocks underlie three-fourths of Illinois, 
inc'uding 85 of its 102 counties. The coal area is 
estimated at from 36,000 to 42,000 square miles—the 
larsest area of bituminous coal within any single 
State. There are approximately 1,000 mines in the 
State of which over 400 are railway shipping mines. 
The work of the State Geological Survey is therefore 
veiy largely devoted to coal and the problems of the 
cou! fields. 

Illinois ranks second among the States in the pro- 
duction of coal. In 1907, 51,317,146 tons, having a 
total value of $54,687,382, were mined. The figures 
for 1908 are not complete but preliminary estimates 
indicate that Illinois was almost alone among the 
States in holding its production. While in the coun- 
try as a whole the amount mined fell off from 15 to 
20 per cent, Illinois mines produced as much as or 
possibly more than in 1907, a record year. Despite 
this gratifying fact it remains true that our mines 
are not working to anything like their capacity. In 
1997 the average number of days worked was 218. 
It would probably be fair to assume 300 working days 
a year as possible. On this basis there was a loss of 
30 per cent of the possible working time and this is 
not an unusual per cent of loss in the State. The rea- 
sons for this are complex. In part they lie in the 
nature of the coal which prevents its storage without 
spontaneous combustion; in part, in the general ig- 
norance as to correct methods of firing and the real 
value of the coal; and finally in part, in the present 
organization of the industry with excessive competi- 
tion in selling. The net results are bad for the in- 
dustry and therefore for the State as a whole. Cheap 
coal reduces manufacturing costs but allows wasteful 
burning. It also entails wasteful mining and even 
prevents the introduction of methods of safeguarding 
the men in the mines. It is a serious question whether 
we are not paying, in loss of life in the mines, in 
loss of efficiency in our plants, and in loss of interest 
and capital invested in the industry, more than the 
cheapness of the coal is worth. 

The study of the coal and coal fields of the State 
has been carried on both in the field and office. The 
work has been directed toward: 

1. The solving of problems of stratigraphy such as 
the distribution and correlation of various coal beds, 
together with the collection of all data relating to the 
origin and the mode of deposition of the coal and ac- 
companying beds. 

2. Study of the composition and uses of coals. 

3. A study of the mode of occurrence of coal as re- 
lates to the methods and costs of mining. 

4. A study of the preparation of the coal for the 
Market, its transportation, its normal markets, and 
the competitions which it meets. 

The first step in the solution of the problems of 
stratigraphy is the making of accurate detailed maps 
and the compilation of drill records. This is now 
being done and considerable areas near Peoria, Spring- 
field, Belleville, and in the Saline and Williamson 
County fields have been surve¥éd in co-operation with 
the United States Geological Survey. These maps 
thow the thickness and lie of the coal beds and from 
them it will be possible to tell quite exactly how much 
teal is present and to plan its economical working. 
“* Delivered as an address before the Illinois Fuel Conference at the 
thiversity of Illinois, Urbana, Tl. 


At present it is only possible to guess at the original 
content of the field and these guesses vary from 136 
billion to 24 billion tons. 

The study of the composition of the coal is directed 
especially toward the determination of its availability 
and the best means of using it. Samples are taken 
by uniform methods in the mine and in the market 
and in connection with the Engineering Experiment 
Station elaborate experiments are being made of the 
methods of storage, of handling the coal, and of burn- 
ing it. We hope soon to take up the matter of gas 
production and coke making and have had under way 
for some time certain preliminary experiments. 

The mode of occurrence as relates to mining meth- 
ods and costs has been barely touched. In my judg- 
ment it would be well if the State made separate pro- 
vision for this work. In the absence of special pro- 
vision we are attempting to gather such notes as we 
can in the course of our regular work. It has been 
found impracticable at the present time, mainly owing 
to limitations of funds, to undertake certain highly 
desirable studies of the technology of the mining in- 
dustry and of the geographical distribution of markets 
for Illinois coals. It is believed that much good 
would result from investigations along these lines and 
that certain portions of the work are well within the 
proper field of the State Geological Survey. It is now 
well known that there is, under present commercial 
conditions, an enormous waste in the mining of IIli- 
nois coal. In individual districts it has been esti- 
mated to amount to as much as 60 per cent, though, 
of course, such losses are not general. It would, how- 
ever, probably be safe to say that in very many places 
40 per cent of the coal in the ground is left unmined 
or is ruined in the process of mining. In addition, 
the methods of mining introduced in recent years 
have greatly increased the production of fine sizes 
and have also, seemingly, increased the danger to life 
and property in the mines. The causes for all these 
losses are complex, and it is not to be supposed that 
either operators or miners willingly submit to them. 
Neither is it to be expected that the losses of life and 
property can be entirely done away with. At the 
same time experience has abundantly proven that 
eareful and impartial investigations of such condi- 
tiens will point the way to the remedying of some at 
least of the abuses, and in view of the enormous im- 
portance of the subject to the State and the public at 
large, such studies are believed to be amply warranted. 

There has been no opportunity as yet to seriously 
take up the study of markets. “The expansion of 
markets for Illinois coal is a matter of vital impor- 
tance to the coal industry and indirectly to the people 
of the entire State. One of the most important means 
of promoting this expansion is by removing certain 
misapprehensions as to the quality of the coal and the 
pointing out of better means of burning, so as to in- 
crease its efficiency and decrease the smoke produced. 
This work has been taken up vigorously by the Engi- 
neering Experiment Station, which has published ex- 
cellent bulletins on How to Burn Illinois Coal Without 
Smoke and other similar subjects. In addition to 
this valuable work, there should be investigations of 
the actual markets for the different grades of coal 
and of possible enlargements of these markets. There 
are large areas to the northwest within which Illinois 
washed coals might profitably supplant eastern coals 


335 


be quite useless. Nevertheless, chlorophyl can be 
formed even ‘in the dark, as is proved by cotyledons 
of certain gymnosperms, which have their normal 
green color also when grown in the dark. In etiola- 
tion the formation of chlorophyl is evidently arrested 
in favor of increased growth. This is another example 
of the tendency characteristic of all organisms, to 
employ the most economic means for the various pro- 
cesses incidental to life. 

The biological point of view, as adopted by Stahl, 
suggests a number of new problems for research. It 
is such new problems which contribute most to the 
advancement of science in virgin fields. For this rea- 
son alone enough stress cannot be laid upon the study 
of the biology of living organisms, a branch of science 
which is still in its infancy. Its proper pursuit, how- 
ever, requires not only a detailed study of organog- 
raphy and of general botany and zoology, but above 
all of physiology also, a science in which there still 
remains a wide field for further work, especially in its 
zoological branch.—Translated for the ScientTiric 
AMERICAN SuprpLeEMENT from Prometheus. 
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now being sold. There are other areas to the south 
and west where, with proper organization of transpor- 
tation agencies, even in advance of improvement of 
the rivers, trade territory could be gained. Any wid- 
ening of the market would be of large benefit to the 
local industry, particularly if the summer market 
could be increased. For this reason the studies now 
under way relating to weathering of coal and coal 
storage are especially important.” 


THE JAVA SNAKE SHIN INDUSTRY. 

A New industry has sprung up recently in the Dutch 
Fast Indies. In Batavia, the capital of Java, has been 
incorporated the Java Reptile Skin Company. The 
scope of this company is the furnishing of snake skins 
for the market. The company has several “factories’ 
in the different islands, where snakes, dead or alive, 
can be exchanged by the natives for a small cash re 
muneration. Dead snakes are not worth much—about 
two to five cents; while live, healthy snakes, the 
larger the better, are worth all the way up to one 
dollar. The reason why dead snakes have such a low 
market value is that their skinning is difficult, the 
skins are lusterless and apt to be damaged during 
the process, while a live snake is easily skinned, and 
the skin has a particular sheen. The kind most 
sought for is a large snake, closely resembling the 
American python. This snake reaches sometimes a 
length of twenty feet and more. The process of skin- 
ning the snake is the following: The reptile is hung 
by the neck on a tree, while one man gets hold of the 
tail, trying to get the snake straight. Another, with 
a sharp knife, makes an incision around the part of 
the body that usually is called the neck, cuts down 
enough of the skin to get a good hold on it, and then, 
with a strong and steady pull, draws the skin backward 
over the body, as a glove is drawn from the hand. Of 
course, the reptile so treated rebels, but the man at the 
tail holds fast until the skin is pulled off entirely. 
by which time the unfortunate serpent is usually dead. 
The skin is then dried and prepared for the market. 


The two great enrichers of thermal chemistry were 
Berthelot and Thomsen. Berthelot died in the spring 
of 1907, at the age of eighty; Julius Thomsen has just 
left us, at the age of eighty-three. Thomsen devoted 
his life to the experimental advancement of thermal 
chemistry. His first memoir on this subject was pub- 
lished in 1853, his last a few years before his death. 
The permanent memorial of Thomsen’s work is the 
four volumes of “Thermochemische Untersuchungen,” 
published in the years 1882-86. Thomsen tells us that 
he formed the plan of the whole before he began his 
experiments, and that he adhered almost rigorously to 
that plan. When the work was nearly completed, he 
recognized that the science of thermal chemistry would 
be benefited by collecting and digesting his materials. 
and so he published his investigations and his theo- 
retical discussions thereof in the four volumes which 
have established his fame. In 1905 Thomsen published 
a résumé of his principal experimental results and 
discussions in one volume. Unfortunately, that book 
was written in Danish; fortunately for English work- 
ers, an English translation of it has appeared in Long- 
mans series of textbooks of physical chemistry. edited 
by Sir William Ramsay. 
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ENGINEERING NOTES. 

Hitherto the deepest borehole in the world has been 
that near Rybnik, Upper Silesia, 2,003 meters. This 
depth has now been exceeded by a hole at Czuchow, in 
the same district, which has already reached 2,156 
meters, and is to be continued to 2,250 meters, if pos- 
sible. The hole was commenced in December, 1906, 
with a diameter of 16 inches. 

A dredge operated by a gasoline engine has been 
vsed on drainage work in Minnesota. The engine is 
of 50 horse-power capacity, the shovel holds 1% cubic 
yards, and the boom is 40 feet long. The machine ex- 
cavates to a depth of 20 feet, and to a top width of 
32 feet. When cutting a ditch 5 feet deep with a 6- 
foot bottom and side slopes of 114 to 1, 400 linear feet 
have been excavated in 11 hours, with a crew of three 
men, and a foreman and one tearh. The work per- 
formed averaged 2,000 cubic yards per 22-hour day for 
six successive days. The gasoline per day of 22 hours 
amounted to 75 gallons. A small dynamo furnishes 
current for night lighting. 

At a recent meeting of the Montreal Board of Trade, 
Mr. J. S. Armstrong, a New Brunswick engineer, sub- 
mitted a plan for a tunnel under the river St. Law- 
rence at Quebec. He claimed that this scheme would 
rot cost more than the proposed Quebec Bridge, and 
that it would meet the objections raised to that bridge 
in Montreal on account of its possible obstruction to 
shipping. The top of the tunnel would be 40 feet be- 
low the surface at the lowest tides, and it would be 
wide enough for four lines a@f rails and for the ordi- 
nary road traffic. It would not be built out in the 
country, where the bridge works are, but at Quebec 
itself, connecting the city with the town of Point Levis 
on the south shore. 

There were 338 fever deaths in Chicago in 1908, or a 
rate of 15.6 per 100,000, lower by 12 per cent than 1907, 
ebout 33 per cent lower than the average of the last 
ten years, and 91 per cent lower than the record-break- 
ing figure of 1891, when the appalling rate of 173.8 per 
190,000 was recorded. For the nine years since the 
opening of the drainage canal, the average rate per 
100,000 was 21.1, as against 57.7 for the nine years be- 
fore the canal was opened. According to the bulletin 
of the Chicago Department of Health for February 20, 
1909, if the pre-channel typhoid rate had prevailed dur- 
ing the last nine years there would have been 10,035 
deaths from typhoid fever in that period, or 6,014 more 
than actually occurred. Figuring on the basis of the 
legislative value of a human life, this saving represents 
the sum of $64,140,000 or more than the entire cost of 
the dsainage channel to date. 


The round house, which is a portion of the new work 
of the New York, New Haven & Hartford Railway at 
Waterbury, at present consists of ten stalls, each oc- 
cupying about 8 deg. of the circle, and is connected at 
one end to a machine shop, into which locomotives 
from the round house tracks may be run via the cen- 
tral turntable. The house consists of four circumfer- 
ential rows of hooped concrete columns, carrying 
beams and roof slabs of reinforced concrete. The 
smallér circumference, or the entrance, is closed in by 
large rolling doors between the columns and the outer 
rim by large glass windows directly in line with the 
tracks, filled in between with brick walls, so as to offer 
little obstruction to a possible uncontrollable locomo- 
tive. The columns and their connecting girders were 
cast in place, but the intermediate beams and the roof 
slabs were cast on the ground and afterward placed, 
locking the extending reinforcement and filling the 
joints with wet concrete. 


ELECTRICAL NOTES. 

In a series of researches upon the singing arc, M. 
La Rosa, an Italian scientist, obtains an arc which 
appears to give a higher temperature than the ordi- 
nary are, and by placing powdered carbon in such an 
are the carbon seems to become partly melted, con- 
trary to what M. Moissan and others advanced. He 
uses a singing arc which contains only a condenser 
in the circuit, suppressing the usual self-induction. 
Such an are is found to have a greater energy than 
the usual arc, and he wished to prove that it also had 
a higher heat. He placed sugar charcoal in fine pow- 
der between the carbons of the arc, and obtains a 
crust which is formed by the action of the heat. 
Microscopic examination shows that Some of the par- 
ticles are transformed to graphite and their appear- 
ance is different from the ordinary carbon particles. 
As the result of these researches he is led to consider 
that the particles of carbon which are affected by the 
are discharge reached the liquid state. 


Electric bread-baking processes are coming into use 
abroad. One of these is working in Switzerland at 
Kerns, where a firm is now delivering bread baked 
in the electric oven. This latter is of an improved 
type and has the latest devices which are needed to 
secure a good result. It is about 8 feet long and 4 
feet wide and has a baking surface of 3 square yards. 
Such a furnace will give 100 pounds of bread in one 
baking, in 2 and 3-pound loaves. The furnace carries 
a set of 42 heating tubes in which the current passes, 
and the tubes are built along the base and the vault- 
ing. Means are provided so as to distribute the heat 
in the different tubes according to their position in 
the furnace, owing to the unequal cooling. Thus the 
current is gradually lessened toward the back of the 
furnace. The furnace comes up to the baking heat 
within two hours, and in twelve hours it will furnish 
eight batches of 100 pounds, or 800 pounds, at a cost 
of 1.6 cent per pound for the heating. 


Not infrequently the medical journals revert to the 
danger of infection from talking into a public tele- 
phone. To overcome this apprehension a number of 
antiseptic mouthpieces have been fitted to transmitters. 
These usually contain some disinfectant that at the 
same time gives a pleasant odor to the mouthpiece. 
Where these are not provided a simple remedy has 
been suggested by Mr. Rosser S. Dean, who, writing in 
an English paper, says: “There has been some talk 
about danger of infeetion from the use of public tele- 
phones. May I suggest a simple contrivance by way of 
safeguard for those who care to use any? Fit a piece 
of thin but tough paper (good typewriting paper does 
well) over the mouthpiece of the transmitter, so as to 
form a little tight drumhead to it. If the paper be 
strong enough it will suffice to crumple it tightly 
round the neck of the cup, but a small elastic band 
holds better. The paper is fitted in a few seconds 
and removed as quickly. The user speaks against it, 
but without touching it. I do not find that the trans- 
mission of the voice is interfered with in the least. 
The idea is not mine, for I saw something of the kind 
cn a neighbor’s telephone and promptly adopted the 
idea for home use, but I think it will be new to most 
people, and may be welcome to some.” By actual trial 
on a fairly good telephone line it will be found that 
this paper scheme does not appreciably detract from 
the clearness of the voice, if the paper is put on tightly 
and is not too thick or too thin. A little pad of the 
paper can be readily carried by anyone willing to go 
to a slight inconvenience to allay nervousness in the 
use of a great public utility. While the bulk of the 
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public enjoys the use of the telephone without trepidg. 
tion, those who are scrupulous in this respect will prob 
ably find comfort in adopting the paper protector.— 
Western Electrician. 


TRADE NOTES AND FORMULZ. 
Pegamoid.—For the preparation of a coating for 
bookbinders’ boards, the following receipt displays great 
similarity with the composition of pegamoid: 109 
parts each of camphor, mastic, and acetic ether, 5¢ 
parts each of bleached shellac and ethyl ether, and 209 
parts each of guncotton and acetone. In the pegamoid, 

however, castor oil is said to also be an ingredient. 


Bordeaux mixture as a preventive of leaf diseases ig 
usually a solution of blue copperas and lime. It ig 
most practical to dissolve in 50 parts of water, 2 partg 
of copper (blue) vitriol, and also in 50 parts of water, 
1% parts of soda. While stirring, the soda solution 
is added to the copper vitriol solution. This solution 
can also be used for killing off the lichens on fruit 
trees. 


Parliament Ink.—175 parts Aleppo gall nuts are 
crushed very fine and boiled with 11.250 parts of water 
for a quarter of an hour, strained, and the residue 
again boiled for half an hour in 7,800 parts of water. 
The cleared decoctions are mixed, add 510 parts of 
gum Arabic, previously dissolved in water, then 180 
parts of glycerine, and finally 625 parts of sulphate of 
iron, and 225 parts of sulphate of copper, previously 
dissolved. The finished ink is strained through linen. 


Styresin is the name ofa sealing material for micro- 
scopic preparations. Solid starch is dissolved in about 
five times its weight of coal tar benzol and then petro- 
leum benzine is slowly added, stirring meanwhile. The 
rosin is then precipitated first as a blackish-brown 
mass. The addition of petroleum benzine is stopped 
as soon as the fluid has acquired a Rhine wine color, 
allowed to stand, filtered, and the solvent distilled off. 
A substance remains which is faultless as a sealing 
material. 


Silk powder, for imparting to fabrics or paper hang- 
ings an attractive silky luster. We first subject refuse 
silk, or whole cocoons, to a soap bath, with oil, which 
separates the different fibers; the silk is then weighted 
with sugar and stannic salt, which makes it brittle and 
easy to pulverize. The powder is again weighted with 
soda, water glass, and sugar, colored and made bright 
in a moss or sea-weed decoction. Finally, in a sort of 
disintegrator, through which a heated current of air 
passes, it is transformed into a fine powder and dried. 


Peuto Epilatoire is the name of a highly commended 
depilatory for tanneries, which, according to Eitner, 
is a 36 per cent solution of a bisulphite of arsenic 
and sodium, and except in its greater cost and poison- 
ous character, does not differ in effect from the alka- 
line sulphides and their combinations hitherto em- 
ployed. As found in the market, it is a yellowish caus- 
tic fluid of 1.112 specific gravity, which can easily be 
produced by slaking 5 parts of lime, adding 10 parts 
of soda, 15 parts of hot water, and 2 parts of orpi- 
ment. After settling, the preparation is ready for use. 


Alcohol briquettes are small tin boxes, filled with a 
yellowish combustible mass, that can be used like a 
spirit lamp. The flame is simply extinguished by re- 
placing the lid; the contents can thus be preserved 
for any length of time, until exhausted. The dough- 
like substance that forms the filling of the boxes, is 
easily prepared and is made as follows: In a vessel 
of sufficient size, 1,000 parts of alcohol are heated in 
the water bath. As a rule, denatured alcohol is used. 
When the fluid has a temperature of 140 deg. F., 30 
parts of grated and dried Venetian soap and 2 parts 
of gum lac are added. The fluid is then stirred until 
the substances added are completely dissolved and the 
mixture is then.poured into the boxes, which are at 
once closed. On cooling the mixture solidifies. 
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